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2UdbM 



AaJuM 



: JlSUJ ( 4-LTe.iaj 4J| (jyicj JlA^ta (0j-ftJ ( _ 7 JJ V £)jO (jylc A^LtxJIj a\I ,^»1Ij ( ojjvj «UJ Jlaj>JI 

(Jjulu (jyic sj-iLSJI 4_jjJ_1.I 4_dl3jJI j slj^-,11 ^JjjiQj ^^Jllj (jt 1SIl!I (_xjjJl1JL! 4_<aL*JI 4 i ii ( njj.1 ^^yjujij 

3jJ2 (jr^-J ^j'j"' 3 Cr^ 1 *tP'^ - l-a -' L,t J J Ql ^~ '**' A (J-^J ^W^i J-^ j^ n T n ^r ' . ' ' ^" Cr* - ^ O-kj-Jl ' | - )L * i>-SLJ2 (jjJ 

JLiu «UJI (jj-*-;i (J ""'" 1 ti^gj-g-Liil aJlSUJI 4 1->.^ *.a.s ^_ LoJl£ jIj-cTh-uVI (_>>•! (j-a (jl^jVIj pJL*JL pe-L-ui, I «uLliIu 

4_oJlSHJLI 4_jJjjJI <_jjL*ljJI x_a j ***'"' Sh 1 '-^! *J *• /J-ALlLI jji^Lajj p j -: LaaHJ <LaL*JI ijl^VI Cilaa. Ju2j 
d"l , ^» ,^»-^ » 2*31 ^— -^ (J-aJiJI (Jj-^" ' -^ ' A Q^~* """ ' ^-^^ 1JV 4 -£ A ^- c - S* 1 ^ *-*-"' (3^J ' ^HriL)^-^ P^l^r' *• . ^r 
3j_i£=jjJI (JlL<w (_£J-!1 4 jiUjJI 4 j i g 1, 1 j_ul_*J.I .sIJlcI pjj-ilu-a I§_ 2 j La >■ ? I ojui cJTixj Ju2j < 4jI ALalLa (jy^lCJ 
(_0i 9_i_o Jilx-i 4 j oa <^-«. i (jl_>J ^J ' *-— ■ •"■ " <yl-C L^jLLi 2— )_uL*JLl JlaHaj j) < 4_uj j JijJ I w-alvjjl #.l_Li ^_ 4_j_<_uL<-u 2 1 
4_tJ3 j_flj <_£ jdl (jy LjjtJI *JaljJI *-c 4_iaJl»JI 4jJjJI Jj^l^Iu ii>j^»o ^'i g 1, 1 j ^* Sill (—ijjJlIJL! <L«L*JI 4 i ii ( 'ij-Hj (_)-«-*-" 
Jjlj-iuj LSI Lsalul j '^— »j (jr ujJiJ w_<3LJ)_l! 4 I a! ^— ." a 3jJi_b ajL^jJI ^_ ^jLssJlJI 0J-& T^iellJ ((JaaJI (Jj-^" ' - .' ^ ' A 

.4_l<jjLji^(I 4jI ALalLa jj^^- i ^_ 4_jjl2Ij j"'^~ 'Ij ' (J-<J-*-!' 
<— flOjj^ajj Jj^-uJI ( j^)f">-»o ^jJui ((_gjjaj) JU^-uJI oljut^j piaj 4.1JJJJL1JI 4 M(?-xJI oJJb (JjLujj 

(j^a Laaielijl I JlJ 4_aj^L!l cllljL^JLI ( . " i -<**<^~ 'I 4 jA^^— . jJjLilu 4j^jjv cIiLcjjJsj^j 4_i1SIl!I j~iI jl^— .It ^lajjl 
j^l «UJI (j-a (J-aG 4_j_ujJl1!I 4_ui>JI 0J.& ti^JJy jiJ » ' ^-" (_y*J ^_&I_(JLI jjijiajj p j -: < Vi t 4_aL«JI Bjl^Vlj 
( JljlSjlUJI (j^J jJ-><J '^"";" <_jjJLjiLj t 4_aj^iJI 4jjj)j_tiaJI <J1jIjL^JLI (J-u^aG ^_ j.j!uLl<3 J^~ ' "'.' p g ■ ""' (jl (_r^J 

.<J1jIjL^JLI ^>jui (— )l i uIL^al 4_jJLc£. ahJlj (_^iJI (J I ^~' tSiVtj '"'I ^j;'-^" 1 ^; 4JLjlLj<VLj 
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1 t 1 ^ "« 



plj_i^L! 4 2*lH_LXI <— i-f-zjj tfu II C--ie-i— -ajj Bj-i—-^ 2 1 4_jjzl _L_ L_t_>j_»JLa Ijj Laj J g ifu " *.lj_JI J_j^_p 4_a____I Ci Ua 

I Jl_4 jj-JJ 3 -a-ai_ ' a jLt-t-uLij *LjJLc <s*-LA____i <__ili BJljJuv plj-il TrLul ^- (j-^Lu3 <_Hj 1 JulIIj °j-&>- ^1 <j-« 3 A I" ^- 1, 1 
p ^— i 3&j llj j lLI _■ 1 1 ^^j-c^jJI p^ 1 ** II <Laiajl ^— ■ ) iajj Lau a p^~* —- ' 3 a-laj Lj i-IiIjulIIj isj-^jv^l S±jj3 2— (_£Ji_*_i!l 
J ASj <__!} 4--Li__>VL 4 Jal LaJI <<t\t j", ,„l Ju___j_tj cj^-w^U J--__2? *.I-S? <_-J-_. Jj-^~-tl Jjv? £ys ?c_/Jj_iil ^ 2 La '< 1 I 
(j I I o~3 .4_jjJ_><JI Jlj^-lI!! <_Hj 1 J_*_aj 4_a___jl (j-a JljJulJI _L_ (JjLflJLj oLLml, La I Juij ^JL^aJlj (J_ulj___]I lJljJIj=lj 
(___!__. 4_ia_3 L_*_«Jl! 4jLu.U 4_2jJ___> 4_1jJlj Jt-J^JJ Ja_sL__u^j (J-«J-3 Jlj^JJ <__il J_*_a j_j^J__j _L_ (_p-<Lu lj_>. 1 Lj_>_) <__JL__4 

jl -i-^l I I ju* _|_ 4_JlL*JI <J_!LjJ2Li.VI *_a Lu.~u.cj tillij (jjjj^l 4 _ula 
<_lll jL_*_aj 4 ^ IJmV >^ , ^ II p g All £_ p_iiJ_c.L_uJ (j^J^-^l LoLuJ LaLi L*_>.j_a J^~ 1 "■"' 4_j_ujJl1!I 4_j_l__>JI 0jui 

.(j"-*-U 3~. "^ '— '-"-"LLII JiJp-uJI aL__j jLlL'^I (j____ilj 4 A I" ^- t, 1 L^Lijjj^ajj *-l^«JI ^-i)-^ 

: 4_ujj Jo till J_>- a Cm 4 , 1 ^ -w 1 1 p , Vi 

.JaC-l^jJaJl aJAxllaj i**<ljA.^\l S_u*_u .Infill A-aiaJI $.\S\ 4_uil j_lj (Jj1--J l<- [Tal^o <J «Vl aJcvaJI 

_£l_____J| ^'^)J 4_ai__)l (jylc i__3j_*_L!Ij ■» j-JLiaJI (jj____u <_jLi__uI (j__. ^ ua A a L>.j__u (jr LaJtJ 4_jJL_JI sJljvjJI 

(jjjLJa J I ^l____>VL ( I g AM l-^jj L^jljj>-I cJiJCita ( a uajj , U A I j , %, II j Al"^-t,l p|j_j^| < ^ . ^>" 4I1JL1JI BJijvjJI 

, UA I JaJ| '-9 4 <^— I j" , „ 1 1 JjJlUIj ((j^JuJI (ijlj^JI 4jvj_S /,U; ,^11 
(jr lc j-Jj_j (_y-!l (J-aljjtJI JljJlj>o tlL! J_=jj '"'I A"^-. t I ( j^ a 4 A I" ^- 1 1 c-|j_j^U ' • J^~y"'^ ' axaJS 4_»jljJI fijjvjjl 

( ^"^— 1 1 1 jLllvI (J^jIj^ij ( ^"^— ■ 1 1 £j_a r-j)j^>JI 3jljj>- '^J-^ 

.(— ilj.ig-i.a-U 4_AjQitil pljj^l *.I^Ij (_i_i=3j3 ' a uaj (jyic- L^J-^*'- 1 ^-^-aLiJI fijuvjjl 

BjjJlJ ^.l^^l (J—aLt-a (_il 1 ii ■>■■ Jl iaLjJsVL L^jLJjJ=j^3J (j^aLca **<« V I j Jl_^_uJI «JJ^ rj i"i " 4_m.sLi.u-l I £Jl_>-jJI 

(j al ' ^>" a If I ' JljvjIuI 

4._i_5e_i___> ajJ I '"'' UU-- 1 1 a <__iLaa__u jJI ^j-a 2>___=3 JlJucLi Li_Li«\_ia 1 U . ,. . /1 , ) a._-u L-i A_i_l__>JI ^av-l p_i J_3a 

_L_ l_L__3j J_3 (jj____u (j I j_jJ__JI (_-JL«JI 4JJI ,jj3 ^j-lcTlij i Lg-iLt-LL-ul j Lj-»4-) (J g 1 "j t_^_t_>tJ 4jjJ_>_ll (jjjLa-iJIj 

2 i j I U 1 1 2jj__aJL <_j^LL_JI LoLu^? I g ) 1 1 Sj _p Li_ilj_c.l 
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jlj^c-JLI aJJuLLa a -i la '^ I 4jvL>JI <L2j_*^jj 4 La-> i njJI Jijp-uJI i>JJ-S *-'-Sl (j^-^"- 56 -'-' ■* ailiieJJ Jjj^aJI <l2j_*_a 

. JaX. I a->iaJ la 

jjJ^kj Jl 7^Ll>o 1_U2 lj_kuj 3 La-t m-Jl Jij^-uJI i>JiJ-S s-l-Sl (j^-'-'^*-'-! ^ aJUieJj Jjj-LaJI 2 JljvjJI oJui aJlSj 

J ,%.*<WI j'jjo <LJLa Lu-i-uJ 3j_u.=3 jJc_Jll daJuJsj ' ^"^— 1 1 I JaJLtis (j\j 4_lxxl1!I ;JJ^"~ '"' Lajiicj dlljjJtjJLI 

. ( (jyJJJ ^-£j-iJ ) I 1 j ; J.' (J*"L>^ -SJL*ILa 1 Lai » >Ia 'I a I JlJcTu-uI 

. Jlj^_l1!I <J1jIjjJl! *.I.S^?I (J-aLs-a (j^uis>*j (Jj-Ls 4-2j-*-a ♦ 
.jJoLlLI P - Jl (jT IreJ-a («-<-uJ liJUjL^ij dslj^e_ii,l 3^jL»ILa Jl^_uJI tljljj.} («-<-"J ▼ 

.<^>IjjJl!1 Ji=xJ Cr ^4-al_oJlj-ajiL!l JJLsellL *LjJiH ♦ 

C6, C7 t^^ail^mi 



: 3jlJL*}luLd 
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Iclilj.se-i.tl JjjLifcLa Agio), ♦,!<-> iVl JjjulII A,«i Hi! 1~1 
2jIjl>JI ^"J-^ (Jjiaj JlLc sjJUlLs O I j Jsc-la 1 ~1 ~1 

:a_l!Li!I <_j1jjjJ1 4_<_uIj_s 
JL>>Ij i lor Lis *_a «jIjj>JI i^vj.} (jutAJ JlJLc ejjuuja d iijJ&±< 1 ~1 ~1 - 1 

Multi-Evaporators at the Same Temperature with Single Compressor 

.(u2 -1 ) J^slAJL^ .Xj* J Uhtl p-h JalaitJltj (I 2 -1 ) J^> At I j ■> ,Xj * j * 

<>la j^Ij j> (j^-ifl" ^Ji Jjij^Ji 4 J0 ^ j| (Refrigeration Ton) jl^i ^L j^j 

American Ton=2000 lb 

144BTU/lb = (0 C) jj^ ^iiJi ^liV iiaL^xJi aILLJI 

TR=(l/24)(2000xl44)=12000BTU/hour 
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lkcal=3.98BTU 

TR=3000 kcal/hour 

lkcal=4.1868kJ 

TR =12500 kJ/hour =3.5 kJ/s =3.5 kW 

4_ jl^i ju^V i^ju^JI <>i^L> Refrigeration Capacities ^j^^i ^u^ji <j? o^j^ 

:ct JLUI 



:di\ vic_JlLj Jijp_ujl 1 La-> 1 ■■■} juujj (JJuus 1 



3.5 xRQ 
m\ = 



\-K 



3.5 xRC 7 
mi - 



\-h A 



3.5 x RC, 
rri3 = 



fy-Zz 



4 



.(kW) ij\ (TR) ^Ju^-illl (jlaJI ijji A-jJl^-ljII Ajl^JI Jj^sall J^L*-a jjfc 3.5 >^p» 

-,UAI JaJ| J^Juil! 4_«j}UI 2jJi2]l -2 

P c = (/»!+ «2+ m?,)(h 2 -h x ) 



• • • 



:^IjV(,>Iju9 -3 



COP 



Refrigerating effect h x - h 



4 



Compressor work h 2 " n i 







j>»205 









n 



' ^ ■ 



JELiUll 

Condenser 



Expansion 
valve 



Compressor 





Evaporator 



(f) 






j>»205 







pc 



pe 




(«-.) 



4_^L^Vl Jlj^jIJI 3jjJ (1 _ l)Ji 

























i 








4 

■ 

■ 


3 






1 


1 
1 




2 




/ Jlaj ^Lbd 




Ul5&. 








4 


1 
1 


1 


f-jii. 








4 


1 


i 


\ 


UJ 


' 


V-jaUt 


4 












Uj4±« 


(?) 
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p 










J 


i 










pc 


3 /- 




\ 


2 








■*-- 


j 




pe 


A 


/ 










/ 4 




/1 
















■» h 













(^) 



Juvlj i La <~ I La *-<a 2jlj_>JI <^-J-i j'"^' J-Lc fi^JuLLa dlljjjc_u5 ajJ-S (-^ _ 1 ) J*^~ ' "' 



fl-i.. 



iJL*ILa ihf tjjiia *ua 2jlj^>J! <L*.j.i <jjua-! Jlic t^ J u u L a oljjejja ~ ~1 ~1 ~1 

Multi-Evaporators at the Same Temperature with Multi Compressors 



.(uj _ 1 ) J^"~ i "■ " ^ Tc-tij-a jJoLiJLI P - Jl iLaiaicl | j (| j _ 1 ) J^"* 1 uJI J 7=_tisj-<5 jji I o-=3 2 JjvjJI 4._ujj3 



• ) _ / ' i — i-loI b !>jjaj-JI (J-tbcjJI 



j^J,! 2_ jl^i ju>.V i^jl^i o-L=JL. Refrigeration Capacities ^jl^i l^U-uJI jf o^j^ 
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mi = 



3.5 xflQ 



:CS\ >ic_JLLj JljvxIjI i La-> i ■■■} juujj (JJuuo 1 



W22 



3.5xi?C 2 



' • La-g lj-«iaJI (J-lLiTuTl! 4_aj^L!l 2jJlSJI _ .Z 



P C1 =1111^2-^) 



P C2 =w 2 (h 2 -h 1 ) 



P =P +P 

1 Total A CI ~ - 1 C2 



COP = 



Refrigeration capacities _ 3 .5(RCj + RC 2 ) 
Compressor power P Total 



: JjVl J*i:L^]1 



t^lill J*i:L^J1 



: 4_jLi=sJI BjJlaJI 



•.^IjVIJ^Lus -3 
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- i ■< > 



* -JiLu aLu^a 




X 



\ .Jiju i_iji 



T 



\-J^A 




" - lif-Ji 







T-icLja 



(?) 




(«-.) 



JJJl»ILo . t-> ^ I j i X «_a 2jlj^>JI 4^J-S (j-"-flJ J-lc B^JuLla Cj I jJc_l^j sjJ-S (j _ 1 ) (Ji 






4 fl i" ge ^ e 



'J 



Ijjv <_ iUvj.S J-lc Z^JulLb oljje-ua — ~1 ~1 



Multi-Evaporators at Different Temperatures with Single Compressor 

<LL.i3.fl.La .SJl^j <— iLoLcia *-a i a 1j se a ijljjv <_iL>.j.S Jiic (JLaJv^l 4_ujj3 (14 _ 1) J^"~ ' "' ?— ^J^ 

. >lal_LLl P - Jl J_La^t/3 (< i t- _ 1 ) J^""* 1 •"■ j—isajia >_fll>. i La » i ^> i_LaLa-t<a a 

4_ jl^i ju^V i^ju^iJI o-L^JL Refrigeration Capacities ^j^^i _>L__J! <j? o^j^ 

^yic T3 5X2 ,Ti «j|>>- diLvjj jiic cjjj^iJI ^yic RC3, RC2, RCi t^Jt _JLi!1j ^Lillj JjVI j-sejil 

:<J1)I >ic_JLLj JljvxIji 1 La-> ■ uj juujj J Jl*j3 - 1 



• 

mi 


_3.5x.RQ 


h 9 -h 6 


• 


_ 3.5 xRC 2 



K~K 



3.5 xRC, 

M3 - 



hj -h 4 



;J_C.l__tl J-lLcuTl! 4_aj}U1 3jJ_JI -2 
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• • • 



^ /z 9 +m 2 h u + m 3 h l0 = (/t^ + m 2 + m 3 )/z J( 



: (J7 j'^L=3 Jl x jj^— " «JjjJI <j-a A-alTtJeJll Jal all! ^yxJLiuVl tiiJjL=j j J"^— II ^UajLl^jj 



A. = 



m i h 9 + m 2 h n + m 3 h 



10 



m 1 + m 2 + 7W 3 



:4_jj^M 4-!.smL .UA I ,MI J^Juil! 4_aj^UI ZjJLdJI (_, La *jj 



• • ■ 



P c = (m\+m2 + m3)(h 2 -h x ) 



COP = 



Refrigeration capacities _ 3.5(RC 1 + RC 2 + RC 3 ) 
Compressor power P c 



•.^IjVIJ^Lus -3 



10 
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7 



f-JiidJ ilhd 



^< 



t .iiii aLkd 



10 



►<h 



f-jif» 



T _ iJ ii iaLud a Lkd 



£>kl 



11 



\^J&}i£ l f.U*a x 



^< 



' -JlaJ i-^s 




is, Li 



.ja^ 



(I) 




(e-0 



JlvIj i La <* I lia x_o 3 a b ie a cjIjjv (JliLvjJ J_lc 3.SJulL« <J1jIj^c_lo «JJ-S (4 _ 1 ) (Jj 



11 
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t(l -l)JLw 

(J-«-*J O _ 1) J^""" 1 iIlII J fz-uz^ja A a D se a isjljjs. <J1jL>.j.S Jiic 2^Jl»IL<3 (JL«jvI ^jlajJiJ ^ Ul » .%. >l Jlj^-ij ALku 

• i i j I u 1 1 t^ "' ' '-^j * ■■j^~' rvlZ a I la ' 1 1 a JlJcTh-uj j yjD is) ' ^j l ^~'" 'j'j-^*- ^JO-^ J^- 

aI Lalll J-lLcuTl! 4_oj}U1 BjJlUI ~\ 

:J*1I 

:>|JajJI J-l^-cuTl! Loj^UI SjjJill -] 

h3=h 4 =h 5 =h 6 = 234.1 kJ/kg 
h 7 =h 10 = 357.2 kJ/kg 
h 8 =h„= 352.8 kJ/kg 
h 9 = 348.3 kJ/kg , h x , h 2 =? 

.<^aj jA Ah <^l^>U s.j-^\ 

3.5x7?C, 3.5x10 nnnr 

m x = L = = 0.306 kg/s 

/z 9 -/z 6 348.3-234.1 5 

• 3.5x7?C 2 3.5x20 

w 2 = = = 0.59 kg/s 

/z 8 -/z 5 352.8-234.1 5 

3.5xi?C 3 3.5x10 nr ^ OA , , 

m 3 = = = 0.284 kg/s 

/z 7 -/j 4 357.2-234.1 & 

• i La I >■ II A La flj Jiic (_£jlj^>JI ^jljJiVI 4-!.sL*^i J). '' hx cr^ 1 J J ' a "" ^ 

• • • • • • 

m\h 9 +m 2 h n +m^h w = (m\ + m 2 + mi)h x 

• • • 

. mih 9 +m 2 h ll +m i h l0 0.306x348.3 + 0.59x352.8 + 0.284x357.2 

=> /z = = = 352.7 kl/kg 

' * * 0.306 + 0.59 + 0.284 s 

h 2 =378 kJ/kg 
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• • 



=> P c = (mi + m 2 + rm){h 2 -h x ) = (0.306 + 0.59 + 0.284)(378 - 352.7) = 29.85 kW 



C0JD _ 3.5(flQ +*C 2 +*C 3 ) _ 3.5(10 + 20 + 10) _ /| 69 



:*bVl J^U* 



^ 



29.85 



'^-CX 



T-J1aj a_^-a 



^< 



t _ jijj i_ijs 



c>< 



* -Jlaj iLbd 




(0 




(«-.) 



(1 -l)jliijj>xiJlJji3j(5 -l)Ji 
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Multi-Evaporators at Different Temperatures with Multi Compressors 

<tLca.fl.La .SJl^j (Jl) La La-La x-a -j-i" Al"-»-^ 2 51 >jv /Jijv\_S J_Lc ^^jvicuJ (l O - 1) J^""" 1 •"■ Tc-tiaj 

2_ jl^i ju^V i^ju^i <>i^L> Refrigeration Capacities ^jl^i ^Lu^i <j? o^j^ 

3.5 x^C 
mi - 



hy-hj 



3.5 xRC 2 
rri2 = 



h 3 -h 6 



P cx =mx(h 2 -h l ) 



•1 U<- Ij ,%.1l jJjJLluIlI 4_aj}L!l BjjLflJI _ .Z 



: JjVl .UAI.ut l 



z^lil! .UAI.ut l 
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JljV AjIJljj i La g I i ia II Jlsuj (JjJ3 Jij^-uJI <-La_i-< uj 4-!Lv 4_2j_*_« £ys JjV ^LjJ! i La e I - ia II ijJiS <— )L.tL>J 

(j^j 7^jL>JI jLitjJI (j\-> i La I a»i II 4_JLaaJ (_£jlj^>JI ^jljJiVI 4-!.iL*^5 (j-a ^^Gj (JXJ daJL>JI 4_LaiL> JuJu>o £jja 

• • • • 

m\ h 2 +mih 3 = (m\ + mi)h x 



: ( _ t j'^L==j h x j_ji=Lj 3jjjJI (j^J 4_a.bJeJLI <-Lal all! ^JLluVl til!JL=3j J"^— ^ Aj^ajLmjj 



A- = 



m\ h 2 + m 2 h 3 



m\+ m 2 



• • 



P C2 =(mi + m 2 )(h 4 -h x ) 



:4_jjS?1 3J.}IjlLL> (jyJLUI cLai-LiaJI Jjjuil! 4_oj}UI 3jJl2JI La «jj 



PTotal _ Pcl+Pc2 



COP = 



3.5(RC 1 + RC 2 ) 



P 



Total 



:lA==iS\ SjJlSJI 



bVl J*U* -3 
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'^- 



f -Jijjaj pUid 



T. 




* - J.LaJ jLhd 



S.jiij 




' . Jaj _j 







T . Ja£_i 



(?) 



pc 

pe2 
pel 



f 






\ 4 


h 


' 




/ 


/ 6 






3//; 








¥ 


/ 7 






1/ 








■L to- 



(«-.) 



B^JuiILa <1^C.\^jJ2 x_a 2 a b se a XjIjjv CjLvj_S Jtlc 3_SjL*ILa Cjlj^Je_La i>JJ-i (O _ 1 ) (Jj 
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t(2 -l)JLw 

(J'ClL'^j-^ cr^ 1 ' * '^ ^-^ (<UJ 3 a I" se ^ 2jIjjv <J1jL>.j.S JlIc i>.SJlslL<5 (JLjjvI q^jJJ ^ Ul » .^ >l Ju^-u ALku 

• < i j I U t I . Jlj^-ij da-jj-u^—j rvl j4ct A I La.ll I AjLJeTn-uJj ( / _ 1) J^"~ ' liuLj Tcjisj-a 

a! Lalll Jjjuil! 4_oj}U1 ajjiiJI -? 

:aI LaiJI J-l^-cuTl! Loj^UI SjJuiJI -f 

: (jy ic (J j ) S> >J I (j^-l <|J p-Jl 4_LajjJ>. jjjO 

/? e2 =4 15.25 kPa (10 C j-^13 2jlj^ i^jj j^ ,U;,MI) 
p el =20\22 kPa (-10 C j_ui3 2jlj^- ^-j-> ju^. <U;>MI) 
/> c /? e2 

^ ^ = (4m5l = 8569 

p rt 201.22 
h 1 =h 4 =h 7 = 96.92 kJ/kg 
h 2 =241.35 kJ/kg, h 5 =252.92 kJ/kg, h 3 =256.1 kJ/kg, h x , h 6 =? 

.***& jA Ah ^JUtoU ^j^JI 

3.5xi?C, 3.5x10 „„,„ , , 

mi = L = = 0.242 kg/s 

&>-*, 241.35-96.92 

3.5x7?C 2 3.5x20 nAAn , , 

m 2 = = = 0.449 kg/s 

h 5 -h 4 252.92-96.92 5 
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<jvjLk!l 2jlj^>JI = SJLsJjJI Bjlj^JI 



• • 



mi /t, + m 2 /z 5 = (mi + m 2 )h x 



h. 



mi h 3 + m 2 h 5 0.242 x 256. 1 + 0.449 x 252.92 



mi + m2 
h 6 =270.05 kJ/kg (S X =S 6 ) 



0.242 + 0.449 



254.03kJ/kg 



P C1 = mi (A3 -h 2 ) = 0.242(256. 1-24 1.35) = 3. 57 kW 

P C2 = (mi + m 2 )(h 6 -h x ) = (0.242 + 0.449)(270.05 -254. 03) = 11. 07 kW 
^^r ofa /=^ci+^c2= 3 - 57 + 1107 = 14 - 64 kW 



C0P _ 35 (^ C i +^2) _ 3.5(10 + 20) _ ? l? 



P. 



14.64 



:*l.}Vl J^j|_*_a -t 



* -Jlaj A _i_d 




JlLa 



RC2 = 20 TR. T=10 "C 



J 



'f 7 



* -JIaj i dhd 



RC1=10 TR. T = -10°C 



J 



Ujiii 




s.LpLd 



(!) 




T.iaiLJ 
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pc 

pe2 
pel 


7^^ .. \ 6 


/ 4 


■» 5//3 


/ i 


/y 

' If 


/ 1 ' I 2 h 






M 



(2 -1) JIM. jb^LiJi zj^j (7 -l)J^i 
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: J^ljJtl cj*j (>^**IJI «Jlj| 1-2-1 



4 b^t 



LuaALa .SJ-a-S (JL)LaLa-t<a x-a ^j* " a D se a ijlvj^ /-jjv\_S J_Lc ^)jvic_i^5 (l O 1) J^""" 1 •"■ pc-tisaj 
J*^~ i "■ TcjisjJ^ Jj^l 4jb>.jJLI daALti ^j^j-i "■ ' 4_JljV aLj (_yjLa Ji£^JJ I -: g LtJ (j^^-J-^ (jr^ 1 (*-^ ' * ' ^ *'J 

J UI;tlp-h ,UI^. (^8 -1) 



4_ jl^ui JU^V ^j^^ui <>iiJL> Refrigeration Capacities ^ju^i ^u,„ti <j? c>j-^> 



m\ 



3.5 xRC, 
\-h 1 



mi 



3.5 x RC 2 
h 3 -h 6 



P c: = m x (h 2 -h x ) 



• • 



P c = (m\+ m 2 )(h 4 - h 3 ) 



PTotal _ Pci + Pc2 



:<-La£ Ij-LgaJI (J-l^-iTuTl! <Laj}L!l sjJlSJI _ .Z 



: JjVl .UAI.ut l 



z^lill .UAI.ut l 



:4_Jl^xJI 3jJl2JI 
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COP = 



3.50RQ+PC2) 



p, 



roto/ 
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:*bVl J^Lm -3 



* -bind ±_-vji 



ex 



* -Jl*] 4_*j1 



_i_L, 



UjS^ 



^ijlijji. 




'.dS-i 



(?) 




T.iapUa 
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JjvljJ.1 jrU (j^ijo-fclll aJIjI 4JJ.S (8 - 1 ) J^ mi 
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' ^"^— 1 1 1 i La » ' a (j_<a O - 0) ^JlaHL! (j-CLLvj-a cr^ 1 (-' _ 1) J^""" 1 '"^ ,' ?z-u2^X\ Ju^_uJI ALku JjiILiIuj 

cP^J^3 (Pe)j^JLl^i^ J\ (p^ tk^lXI ,k«.MI <> (7-8)j (pi) Ja-^HI ,U;,Ml Jt (p c ) 

-S^-J-aj *_ajjJ,l i La » i ^- II 4_L>-j_<a (J^L>- (j-4) j j^^-> II I iLaJLJajl 4_Lvj_/a <J^L>- (l - ^-) L«-<i JauLJajl 

. (Flash Intercooler) u >^^ 3 U J , l , i 
: Flash Intercooler ^.^yi u Uj,„yi ^i 

.(_)iaj^5jJI jL>«J (J ' ^ ^J-C- (J-4-C- ,j "* ' J-*J ( ' ) f ' "' t ' (JjLi-aJI (J-C ( j) y_<-iTg.t. I jLitjJI J '^<* _ 1 
i (Z - j) i La » < '-^ 1 1 dlLiJ 4_jjLc£. (J^ii- j^^-> II I J-aJuiaJI 4_1jvj-« (j^j w_j|_iJI jLjc-ti! i _yaju^se^il I 4-!ljl _ Z 
.(6-3) 4_dU-*JI <J^L>- lJl £H-^' jjL<3 (j-a *-9 I <is I ». Jjv j-^pe-u <_jLxlv l _ ? ic. tiJJi aIuj 



Bjjvlj JoLLtia-iVI 4_i_i.uj ;jj^~ '"' (Ji V-^ < >J^~* ^ ' "- (_r^ ' ** tj^all aj^IJI (JJuIuJI ;jj^"~ 'J ,_,^~ i Ij 
Pi Pc 



Pe P 



Pi =a/p^ 



<J7 ^3L^LbJjj4ji!l (Joir fcTj l 



4_1aj.Lt.4j (Jj^l i La C I -iaJ I j j_Je__U jjjo (J-= <J^~^ J^i,' l ^>f-"' ' „ ' "J? <---= <_jI_i__». (j-a JljV AjI Jlj 
4_3jJl! ^jIj^kJI (jijjVI 4_oL__<j ,jja ^Li!! -La-.l -_-tl J^-i- fijUl liH^aJI l-UJl-=3j eJLvjil AjJl^_i1!I 4_t___]| 

./—tiaj-aajl ■ La-> i uaJI Jul' 
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•.mi JjVl .UAL^tl j j^;tL jltl >J;."tl .U^.j <JQ^3 -1 



/Wl = 



Refrigerating Capacity Q 



evaporator 



Refrigerating Effect h x - \ 



: Mi JA-.W ,UAI l^JL jUI Jb^l .U^.,,^ l&£= ~2 






mi /z 2 + mih 6 = mi h 3 + m\ h 7 






mi = mi ' 



h 3 -h 6 



:c p^L^= m 2 ^liii cLALxiJL 2jUi ^=JI 03^=3 « mi 



P C1 = m x (h 2 -h x ) 



P C2 = mi(h A - h 3 ) 



PTotal=Pci+Pc2 



:Ja£ Ij >iaj| (J-lLiTuTl! 4_<aj}L!l sjJlSJI _ J 



:JjVl J*i:L^]1 



: CT J 



ilil! J*i:L^J1 



XA d£=aJ1 i 



J 



Jl2JI 
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COP = 



Refrigerating Capacity Q 



evaporator 



Total Compressor Power P 2 



Total 






: *bVl J^L^ -4 



T _ jxu ^Lud 




j j i fijiy j ijJj 



m 



' - JJ-aJ J-tua 



m 



jijj 



(!) 




V . iapLia 




T.iiLj 
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p 












J 


k 


5 






4 




Pc 
Pr 






jr 








7 / 


' 


3 J/ 


2 








A E 










Pe 




















/ 8 




/l 




j, h 
















M 



JjvIjJLI ^ LT aia^yi jj^jIJI ijjj (9 -l)J^xui 
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Jfi\a**jl\ ^205 jataM 



t(3 -l)JLw 

a! k;tl J.^cul! 4_oj}U1 ajjiiJI -] 

i Lai » >ia 'I aJlJcTu-uj «JJ-i f-o 'JJ^J' O^kJ *-i-S ^1 (J-oLsl^jj *\ La-ill (J-lLiTuTl! <Laj^lJI BjJlSJI (j-u UjL^ _ ?T 

:aI LaJLtl J-l^-cuTl! 4_oj}U1 «jJl1!I -f 



: (JT ic J j Liaj»J I (jj=_<w (iibjJLI p-ll 4_Laj^>. cr^ 1 ^L2-iJ' ^-^3-^ 



p e =\52kPa (-25 C » ■-■" ^j'j^ ; ^j s ''^ 'k:,Mi) 

p c =\352 kPa (35 C ^As ajlj-^ ^.jj> jllc <U; ,MI) 



Pc Pi 



Pi Pe 

=>Pi= VK?7 = V( 152 X 1352 ) = 453 kPa 

h!=1430 kJ/kg 
h 2 =1573 kJ/kg 
h 3 =1463 kJ/kg 
h 4 =1620 kJ/kg 
h 5 =h 6 =366 kJ/kg 
h 7 =h 8 =202 kJ/kg 
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.<^aj jA Ah ^UtoU J^ill 



:_$_& Jj^l lLlcU^JIj jJtjILj jUI Ji Jill I Jjutxi 



7?C 



250 



mi 



\-h % 1430-202 



0.204 kg/s 



4_2^c Jii£. ^jlj^»JI (jljjVI 4_!.sL*^a (j.'k** W72 (jyJliJI , UA I .ML jl 1 1 Jij^jIJI J^aj-t-uj 4_JQ== ^^ic Jj.^^lt 



mi h 6 +m\h 2 =m2h 3 + m\ h 7 

' h 2 ~ h i ^™, 202-1573 rt „„, , 
m 2 = rrn -1 — ^- = 0.204- — : — — = 0.255kg/s 



h 3 -h 6 



366-1463 



P C1 = mi (h 2 -h l ) = 0.204(1573 -1430) = 29.2 kW 

P C 2 = mi (h 4 -h 3 ) = 0.255(1 620 -1463) = 40.0 kW 
=> P T 0ta i = Pc^P C 2= 29.2 + 40.0 = 69.2 kW 



^C 250 

COP = = = 3.61 

P Tota i 69.2 



i>.jLk!l ajlj^JI = 5Jo*IjJI BjIj^JI 



UbVl J^Lj_<a ~t 



^AJaJjuiJ Ajplc tjjl ^j SjjoJl (JjaJu Sd^lj 4Ja.^ t5 ic UU , UlVI AJL^. ^ _^- 

:*l talll JjJuil! 4_oj^UI ajjJLlI 



hi=1430 kJ/kg 
h 2 =1765 kJ/kg 
h 3 = h 4 =366 kJ/kg 
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:jji , UA I (iaJlj j^e-db jUI ,3^Jl1]I (JJlsl^s 



#C 



250 



m = 



= 0.235 kg/s 



^-/z 4 1430-366 
P c =m (h 2 -\) = 0.235(1765 -1430) = 78.7 kW 



.fciaJj 4^ J* (Jc Jali_JaJl -.jjtiiu,) ;UU~ 2_ jbj3 ^ Ltaill Jji.Vit i*)}UI ZjJiill <j? ^1 



••ebVlJA** 



^C 250 
COP = = — = 3.18 



P c 78.7 



%Z*Sj V^ja Jc JaUjJaJl -I j^^lJ ;QLv 2_ J5j * I kilt *bVl J^b-a <jl glZLx^ 



* -Ji-aJ a jid 




j j ' JlJ'V j JjJJ 



" -Jljlj i_iui 



a ■< * 



RC=250 W 
T=-25°C 




^-JapLi 



(?) 




r.LeLa 
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p 












, 


k 


5 






4 




Pc 
Pr 






jr 








7 / 


' 


3 J/ 


2 








A E 










Pe 




















/ 8 




/l 




j, h 
















M 



(3 -1) jlii jlj^IsjjjCIO -l)Ji 
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Jfi\a**jl\ ^205 jataM 



i La C I - ia II jjjo r-jL>JI jLjc-ti! 2jIj^>JI 4^>-J-S £y& (_p2l ^LvLllI Ju^_uJI oLjJL 3jlj^>JI 4^>-J-S ^)j^~-" LoJ_Lc 

Flash ^^-j" .s>Alj JjVl Jai:L^]1 jru oL* jj-w iaL^I jj^-v <GLa 3_L>LJI 3j^IjJI 4. JjVl 

j (11 -1) j^lAJI ^^ ^A lo^-, (2-3) <JuaJI j>u jL^i J^hP ^ Jajoj < (Intercooler) 

.jLic_JI i _yaju^>Z <J'j|j (_)jlLaJll Jl^_uJI jijLj 3jIjjv 4^>-J-S (jia-i>- Jl tiJJj i_£-Sif Cr' . 

^2jJl! (^jIj^JI (jijjVI 4_!.}Lslxi £ys ^Li!! ilax.1 tlaJI <J>L>. fijUl 4_JQi=xJ1 til!JL=jj SjLvjil AjJlj^jI!! JjuuA\ 

I. '^-j a j" ,_ La-t 1 uaJI Jul' 

: Wl JjVl laALjaJI jjiaJlb jUI Jb^ iUm,j aJO^j "1 

Refrigerating Capacity Q evaporator 

mi = — — = 

Refrigerating Effect h x - h 9 

: m 2 ^/.IMI.UAt.utLjttl .^.-tl.U^.^Ih^ -2 

SJL^IjJI fijIj^JI = i>.jLWI fijIj^JI 
• • • • • 

m\ h 2 + mi hj = m 2 h 4 + mi h% + Q Water 
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Jij^-uJI i La_; i "j 4_Lajjj>- ^jjo ^JLluVI <L2jjl^j ,j^~ i 1 ' P~ll (jT IreJ-aj ^ La-tLai&llI j«_<-ujJI (j_a (J^ 3 Cr^ 1 ^-stjiisjJll 



m 2 = — - " 2 - 



water 



h 7 -h 4 



P C: = m x (h 2 -h x ) 



P C2 = m 2 (h 5 -h 4 ) 



PTotal - Pci+Pc2 



:<-La£ Ij ,%.1l (JjJljIuIl! <Laj}L!l JjJlSJI ~J 



:JjVl .UAI.ut l 



: CT J 



ilil! .LaALia 



:4_il==3J1 SjJlSJI 



COP = 



Refrigerating Capacity Q 



evaporator 



Total Compressor Power P 7 



Total 



bVl J*U* -4 



32 






j>»205 







Jil4 



7 



' -Jldj aLtuS 




ij^»J Jj^> ijJL* ijJJ 



-£- 



2 >> 




' -JJ-aJ jLhd 



\-iaC-L-d 




t.L^Li 



(?) 



Pc 

Pi 

Pe 




M 



yj-ijjl Jl^_l1!Ij ^ tia-^ajj| Jij^_uJI ajJ-S (11 _ 1 ) (Jj 
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l^j^JlijLti.! 



^CjljJtJ.1 i^jLiLlil Jlj^jUI 4 -^V'V ^^a-i!l (_)Lu.uf La 1 -1 



SjJjvIjJLI v u"a,UUiX iVl ciilj_L4^ L 2 _ 1 



.(_)iaj-<3jJI (_L^a£ <L2^C.j t ^ LeajjajJI ,_, '-^J ' "j-Il -^h^' "(J- 3 (J-^ 3 ^uijlij j.~jil O _ I 



.45°C lJ: ji^-it i 2jtj^ ^j^ eJL^=i j| (1 -1) ji!l» j^f 4 -1 



.R-22 ^Ij^i^i ^JU^(2 -^jilajLc? 5 -1 



.50°C <Ji ji^-if l Zjlj^ ^vj^ c^L^I j| (3 -1) JI!l» jLcf 6 -1 
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( £^)dJj£lluld**j(&J 



^jS'^t l 4J!jl jjJo 



4juLUI Jjb-^ll ^205 qoioM 



:,»Lx)I^JI 

Jl^_u dsljJt-uJ jjjfl *_JL^aJI 4-!ijV S allie U Jjj-LaJI <L2j_*^jj ^_uGj «LJjJ=xj <_jLu-uIj t » j^ uzl\ J L-ijjJU 

*.I^jJI ^-£j-£ <— i'j^-J-* 3 cA' 1 UJ^""" 1 '*'^ ' * J'' >-^J' *">j! * J - L<a -^^ < -r l J^ 1 -^'' L_ ^d>*^ J-* «J^ V J-!' 0J-& (JjO (_3JlJI 

.2j-<5 (J=3 £- 4_<aj}UI 4_il<jjJI cjHal\j *-juLu^i\ 4_jliLjlj-<s _SJlC L£i!JL^Jj A-fllTtJeJLl 

:'iuSfLJIdl^Vl 

i* ■! * ' ^ 'J "~ l "' ' ' L*-*-" I (3-^3 4 

. J S , ^ \ I 4_!ljl AJ-C (jyic 4-Upi.l *LjLli!l <L2j_*^S ♦ 

C6, C7 t^j^S^mi 
: SjlJL^JluLdial* 



( ,1 . ■>— I J 



^i^ ^ll 6 t uj)i2Ug2j2iia2»li 
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J^~ i uiJ 2j! Jlaj*_u j i fl-ll ^— ■**'" £.ljjJL 3_j_vj1,I 4_jl_.jJI ^jLa <<y_i__ulj^s >^'" 2^LjjJ L-o-iLcj <Li _j_vjjj 

lJuLcjJI ojjb jj\j 3_j_vjil <__)Lc.lj__JI Jljjij (jy^v 4 °'?*" v -^'43tJ '-^j-^ JJij^ 6 / tj0 J '??-*■"' o- 4JL ^J iJH'-^j 

(jy ic jl-U *•' V^ (jP^ cA' 1 (J-**^ i^"* 1 iJ-se-J, U _J_vjl.l (jy LLaJI 3jlj_>JI (JLSjjI •»■ La i u <jvLtxLa Jj^"' (jyic (J_«jljj 

:ejlj_>JI (JLSUjI ^Lt^a-ul^au>9 

La__=j .4jlaj*-LU «-xLLgaJI 4_ia-=j *-a j_j_>JI ,j-a 4_tlj_U 2jlj_><JI 4_ia___3 ^_ j-iilJI ( 1 ~ 2S) J^~ I ■"■ (1>"*-JJ 

<__!} i_5-ij3 *_jJL__JI £ys 2 ajibj 4 SjU j^J-lI tiilij -il-ij^ ^'j-^' 'j'-J"-* 1 -" ^Jj^^~ ' L>\^ J-* 3 ^' <Jj^ ^r ' ' k "-N a J-* 



2jlj^l 



4_J_a_ 



<j^e^ 



^ia 



LoJj£. (jj=Jj <3jlj_>JI JLZuV 4_aj^UI dUjeia mil 4_vLuu_U S-SLj 



J! (_$-ip (jyjQjLj t j_ie_wtl i—kLa (J^li>- *-'jJI Jj^-^ (J-* 3 -^-*-" J^ 4_3Lct t_ m i aJ (J-23 (_£j__u j_j_>JI (jjJ <jjrr mi, I 
*_3_G (j^i-II 7"J Ij-ll Sj-^-S *-^Wj L^! 4J: ^'--* ,, -" (j\ iS-^Ji '- <1 - 4 *\3fJ' A -^ =3 J J> - ^-°jL2-« ii-SLjjj 4jJlj_uJI 4Hjlxm j^^- 

.ju>xi]i j*i. <JijV <» j>ui jju.lL ^i 



a 



i 
1 



■> 



(kg) j^ill yi^Jl 
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4-ajLJgTu.u.U » j 2 - a 11 <jlil<2j^i3 tiJJjL=3j I J;^^"^" ''-^Jj-kj OljJe-J,! 4_lcjj cr^ 1 T -^ """^ ^-^'j-* 3 ' ^j""j 

<bliV £al JaXI 2jlj^>JI (J Jlsl^sj jJc_Jll >^'" cr^ 1 f ■ x - i J E -' L ^ I * J 2 ' ^ 1 i ^jo^~-' (jyic *-uLuaJI 4jliV 4_aj^lJI 4_j_LajJI 
^_ J-cHaj I ^''J^~ '"' ■j^~ ' 1 ' * j 2 ' a 4_iaj=j (JJ9L> A n o LaaJLl 4jJl^_uJI 4ju-uJ I j^t-JU y. LLa-g. I (j^j JpLseHJlj * j 2 i a II 

4_LSLAJ>JI ClLt-l-ajJ t_l-l.a>. <LxaiLl.uj| JlJp_uJI tl) I Ju>~ jj 4_U-ul_ii,l (j-^jLa^l \L ~ 2S) J^~ i ■"■ TC-tisjJ 

.ASHRAE Jtj^jlJIj (-Lu^alllj ij^JuJI L3 ^ u JJ4l > 4_t=xjj_oVl 




£xaJLmJI till JuvjJJ (JJj_l>JI (Ja^JI Cjlj^Jc_La *_tisjJ 4_j_<_ul_Ll,l (j^=Lo2fl (.Z _ .Z) Ji 



40 







jlj-L= cr^-J (c^J^^-" ^lif^ ^L^aj) <*!-*-" (j- 3 CjJSjJI (jyic L-iJ2jIu FfOSt » xL^aJI £-«^><J lw=i <jl 
jjjo *_jJL^aJI /?Iuj Sh Liajlj .JijLJI *-'^JI (j-C /_2ljJI *-lj^-II 2_^j=iI 4jjlajJI ^JJ^"- 1 "' i^Lcj .(JliLu^^pJI 
4jliV Jjj-LaJI ^j-mA-I jLllvI J_Lcj .Aj^till Jlja^>oj ^£hH ^r ^^J^ <jj-* ' i^"" 1 4_i_cuLi ^j-LLI (j-a C<s*-j^- 4-Jjlaj 
2*.Li=3 2jjI jJI (jr LaJtJ (jy^v * J S i a 1 1 <bliV ^jjltaX I iJaLLaJI jLiTlcVL jii-^?l 4-^><J ' Jij^-uJI aj-il-S <j-o * J S < a II 
^aljJI *Ulj <(^Lxl!1 jLUI (4_j^Lj^=JI 4_2jjiaJ1 Lg-La «.S.^tl 4_!ljV J|j-LaJI j>o JtjJuJI tilLukj J^^al 

. 4_<_u^j=L*J, I BjjjJIj 

i^JLLt2^l^^l2l(3|uli^2 -2 

: (jyJb L^j AjJaiSHJI «_lS->^3J I 4-!ljl ' - ' I J La >• (_yiijicJD ■j'~~ ' 1 ' 

. ^ . ■■jl-^l ; » ajj ^^~' 11 (JjLjJI aU-lj Jj^Lcl — 1 

JSLcoJI Jai>- Jj}Li:l ph ti*j». : Ju^jjJI Ja_L^j <>a jitJJ jjj-^ (Pump Down) J^>ul\ £^aJI -2 

ajj £)] Jl j^c-JLI (j-a 4_tre_ili]l c-L3e-<-uJ . U ^ I . b 1 1 a^2jj Cj LL-u j^jjIl! I j| ■» j S ■ a II 4jliLjJ2§-a Jjj^la (j-C 

*JiLa (j^3 j^jc_Jll jLjj-oj jji 4_jJUjl!I tfjui (j-a i_3JlJIj t ( _jia_iiie_Lt I JaJLtiajl *_LaLJ3 4 La i ul^gj i Lax I tiajl i_3lJLl 

. JU^-ijII 

.jJc_JII ?"jlj-a l — sL^I — J 
. LivV LJ 3j ' ; * " cr^' lSj-^ 3 -^ o -0 ">^*~Ij (JLq.'Cu.uLj ^ij^~ '" (jjjJ'j * j 2 1 a II iiljl 4_Jl«-*j *. jlaJI — 4- 

aJlCJ f.Ltl <J1jIjJ^£ (j-a (j^als&llJ tiiJjj lJlUI i_aLi>J i_aL=3 C^J2j f. LLa.e. Ij ■» j S ■ a 1 1 <Uljl A j} -y t-^LSjJ — J 

.j_L>JI Jl C-<-Laj ?lj-A J-2-i 
aJlCJ «_t2->^3j| iiljl 4_JLc£. ,jj3 (_j 2 <**' 1 1 #.Lll u.Llca-l! tiiJij (j • njJal li "jj ^^~' ll (JjLijiJI aU.l3 71II2 — O 

■rjlj-ll J^-*-^ g-LJ^T £_ j-pJI Jl 4jl2^ 
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(j I c_<A-ia (ji-LjiJI jLiJI I J-C La » j S - a II 4jliLJ3^La f-J-a^?- (jA* 1 * J "** ^ 0^-&> 3 .' - iia£.LuaJI (J-tA-iuJ _ / 




.((j^LtxJI jLiJL cJlvjJI J_j^5cjJ «_Lfl-uaJ I 4-Jljl ^ a-g <J}L>. i La C I i ia II (j-a-su 

.jJc_JLl ?"jlj-« (_L j - < -i r a3 _ o 



Electric Defrosting LuL>j^= ^s.^tl <Jlj| 1 -2 -2 

ililJLa- i nil 0J.& ;JJ^~ uuj .( J _ 2) J^""" 1 uul ^_ I n^~^ j^t-clu <Lul Jj j^~ i II 4_ajL2i,l <JLsLJLie-<-u x-uzjj 
(JLiLJLictxJI (_(J=j3j .4-JjLc c^Lftj JaL^iJ (_y-!l 4-ijLjj_gj=xJI 4_ajL<m L^lJ- 1 Ju t_iJ=j3 (jjjLaLJjl <j-a j_u-u I j_a (j^J 
LJI J_lLjiI (j.=x^j 4-JL><JI oJui ^_ j <<_iuLc.jJI (J^Li~ ^JjuaALa *_tiajj jl j^Jc_JLl j_l<-uIj^j £fij Lai ^jl^HJI (jyic 
* j 2 La 1 1 *_ia^><j (jla^jv ^_ jlj_La_!l Ijui (j_a CjLJLie_<-u I Laj I (J-ajCu-uJ j . L#j JjljHsJ CjjJuv <JLv ^_ 3 tj j . ■. j 
4JaLLa Jl ^-LlaiJ Lol j_ii 4_2jj_LaJI oJJb 2— (_(_l*JIj .^^ie-i-cLa cLaj^-iluj Lciaji ' '"^J t^ul\ sjj-^-uLa < aJj j <(_ljI jjl 
7r— uJz aj x_a 4_2jL<-ujI Ol a La^>JI ^_ ^c-tiaa-a aji I o^— 1 Luuus * J a - <a 1 1 4_il jlejjj (j ^> se Lua . I ^1 it m ."I A-j^Liial 
ajj 4_jLa-*JI 0JL& (j^J £.L$J-!2l J-*_>j «-tSjuaJ I 4-!ljl (*j3 (jy^v (4) («^J fl j-La^>J I ^_ CiLj Lie-mil (J-Lt-iTuJ ajj 4_jT 

i - 1 1 j U ^- 1 1 (jy JaL 4-*_>LLa *u ( j) fcJ2j 2 j La >■ ? I I§_ (JLiLJUclxlJI i_aL2j| 



.*.Ij»JI <_ijjj=Ljj Jij^_uJI 2— {4-=x^cjJI ■* -: La )I 



4_uJl». (j_a S _1i yju-uz I ( ijJlIajLj 



(J — ' <I J 




JUj^Ii -U^li 



^k^ 
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Hot Gas Defrosting ^L-oJI jLiJL f-t£uaJI 3-Iljl 2 -2 -2 

, U<- I ,%.1l l ^y i (jijp_uJI 'Un „j jLJkj) r-jL>JI (J^LjiJI jLi-!l ^- BJijjvjJLI 2jlj_>JI 4_Sjj_LaJI Ojui ^_ aJlJcTli-uJ 
1_£jIj^>JI ^JlajJI aL<-i^ Juu j^c_lU Jl (J^i-jJL jLiil IjiJ ^--q-i-uj ^-^>- 'J^*-^' ^r A^^J"^ i* -^ "*^ 4-jliV 

*U.u» daiJI Ijui ^yk. L-^aj-jij ,(By Pass Line ^JU^I j'j- ^' -UO daiJl ijla cr «-<^j ij-iL-a 

cjjjjiLa (j_a Jl>. %j jL*-!' tlai. £)] («_<-ujJI £yt , I A -v \t j^ (4 _ .Z) J^~ ' '"^ ^- 4_Sjj_LaJI oJui yz-Jz^j j ^ , -jl-^l ^» ^ 

jjujJI aUls Jl»j jJtJlt J! J-^>jj <^JJi jl»j j < Solenoid Valve ^mjULuUI *U_^i]1 Jl jjlaJI lai. 

pc^-mj a /- i u^tlal '* * I A I n ' ga 1 1 •»■" At t 4j JsajvaJU « j S i aa 1 1 4_nil /Jl >ic_JLl 77LL30 LaJ_Lca . si-iIuLi^J ^jl i^>Jl 
(J^JtU JiJ^-uil i»j-»l-S .SLsuj fj • u-tlal ; »1 I a I a->^aJI (J-d-2j ^-lSj^sJI 4jlil3jH2 Jlsuj .j-3&j-»U £)j>.Lu±j| jLi-Jl (J^i-Jij 

.^UJI 

( ^~il ^— -"j LaJiliL2 ~*j i • *-— < 1 1 Jijp_uJI jjljjJ (J-q-Cn-uJ LoJ_Lc 4_»*aL». j 4_2jj_LaJI 0J-J i-J^lsJI (j-a .SJlC tiJLLiij 



4_JLaaJI OJJb j-qTu-uJ LoJ-Lcj .j^Je-Lq-U -^J-*JJ . U <- I . ^ ] I ajljjv £yi j^jc_uj ti-^>- . U A I . ^ 1 1 jj^ju JaLjJI ?.j^>Jlj 
(JLcIo-l I Leajj tiJLljij .C^J2jJI B^jJt^ta 4_JUjl!I ojui (j^=xj tiJUjJj < * j 2 ■ a II ijliV aJlJcIu-iiXI jLic_JI (Jjflj 
( >." 1 «^— ,",t I j ,^- r> a^LcLj (_i_l»JI ljui ^-^-J ,j^~ ' < 'J? -^LaJD Lt-1-i.u.a i La C I >iaj| Jl Jlj^-uJI ' . < ^~^ j A (J->l-<-« P^^J-' 
a I JlJcTli-u I jl ^gjljjv (jlj^ aI JlJcTli-uIj ,2jjjJI (Jji^=lC : L^_La (JjJ^J x-JuOjuz! I <jlj|?.l_<jl ^_ (ji-LijiJI jLiJI (j-a 

.Z^jlClII <jiiIjJc_lII tiili cj! Jo-^i! fijlj^>JI 
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^l^ji jUlJL. ^s.^t i aj! jj(4 -2)ji 



Water Defrosting ^IjJUULj^aJl^lj! 3 -2 -2 

BjIjjv CjLvj.5 J_Lc (JjWU (_y-!l <Jli I jjJc_lII (jyic ^i^— -lj"j (_£JJI «-Lfl-LaJ I <bliV /_2ljJI *.1JLI (J.gjtTLi.u.j (jl j>^~ i « ' 

jj^>" LsJlI^. LdJjj jjbJII cr^' 6-° *U! (_>i>j 2jLcj .Brine Solution L7 sAa J^Jbta jt Antifreeze 

'■'^""J a O^ 3 ^ 4- tLa^LiilLI ? UI *-*^o J -JJ^ ^ J^H^ ri'j-°i Cycle Off < aJajlJl 2jJl2 4- Jl iH-^' *>>'-* 
^j, ivJLj 4_2j>lajl oJui puisoja Jljvjjji 4-3>C. TTJ^ <LcojL> ,JI ' a M ' ^"' ZjJo-uLo 4j J "*>**' a vic_J,l J a i ul 
*.U,I (JjlseJJ ■» j a - a 11 4-!lj| i>jH2 Juu JJJLJ2.5 » - iaj ^ tia »J 7r o i «<i q] uaj j .O _ -*-) J^""" 1 uul ^- i^a-m-JLI 
rle^ter (j-se^tua lLiji-iIu (_aJ Jj"— — i i la .(£vi.| c v 5 ^V 1 -^' * J- 1 '-^ Jj*-"^ 3-SLcl (_>J-2 sicJ,' (j-« lLxSLlxlLi 

Lgij- 1 Ju Ji^jvjJ.1 *.U.I Jia^>j ^j-a L$j ^J_<ji CjjJuv (_£_sLajJ *.U,I ' ^Jj ' ^"' 3jj-<-uL« (_)_£»■ 1 ctpe 
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( iijiaJ ) JUJJ*J I ulJuwj («taj 







^ jyJ ^->L«J1 (j-a Ujjv t-it" jja j^tjiLi 4_l=3j_o (j_^=x3 (_pJI Louvers ciiL^jil oJL= jlj .^_<JL1 

B^LjJj < (J jl>J, I J_j£=j3 (_U^ i— ljIJJI * j S ' a 1 1 jib J_cJ*ILU 4-ftJU.I .sljll (Jl <i+"i < ul Jiic I i^ajlj <Li^3 ■" 1 I 



J^ 1 C3lr° 



r 



4M* 1 j**^^*- ^_ 



p 



-£h 



J-— ' -^ 



— ; — ' 



-+- 4^11 jj»J| Jklj 






V ! \ :' • lM V- 





r+ ~^ 



V 



O jH^t 



X 



"■^ J-V 1 



*LU (jijJ «_jiuaj| 4_jlil(5 _ 2) Ji 



fr-LOA-i-ll ^Jz>£>~ 2— wjj jj^~ '"' '— i-L->OJ «-LfljLi3j I 4-!ljl 4_j1a£. ^_ plj_<-u}U ^_2l jjl ^LLI (Jl <1 *"i ( ill j^~ ' 1 'J 
tiUjuj t 2 .SLc ' ^"■^—i 1 1 LiJj_Laj (_jJ-ll 2jlj^>JI (j^J ^iljJI #.U,I (jyic ^J j i ^> -- 1 1 j^— i i ' j ' '" U '^"'^ BjjjjiLaj 
4-Jljl ?I_<J? 2_ -S^J-U j-^*^' (3*"'-i c-jL-lo CjjJlv i_j_bel!j .4-LaLisl ^aLLs JLa-CnJ '£— vl uajja^l (jj=u<u 
4^:L>. 3 j_il Ju >J-<-ul o.a (J^l^ tiJ>^»o (jl j"— — i ^ ' *.LI,l Ijui jL£ <(ji~L<-ujl *.Ull (Jl o t" i nu >ie_JLl (j_a » j^ La II 

■ JuaTlU 4_suUI jljil JUjuu-uI Jtlc <JL>JI jji La= 
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Reverse Cycle Defrosting s,„j^-,.ti ejjjJL ^.uaJI iiljj 4 -2 -2 
«$ (j^xil) < rt'.^U ^ I Ju^iil ^Ux. 4- o"^L*-?l ^Lu^l J}U. jLiJI j-«j cu-p. Four Way Valve 

.(^6 -2) J ^.^ ..^l.tl J.^tl .l r "l -T^V .UAI.ut l J| Zj^aJIj JSLJI 
j_Juj (jl Juu (jaiJ=iL*JI a I »juaJ I (J}L>. i Lax I liaJI (jjo r-jL>JI (Jj^LlxlJI jLiJI J-*^ » jS.^tl 4_Jljl 4-jJ-a.c. '^ Lai 



_^- 




i 
i 



£j*^>jl f-*E fU— a 



t^FCH 







0(g) {g)& 



( . - t -^— ■ ■:■ 




y^jJI jl J£ jjj 



{') 



'■7*°^ 



(V) 



.r^u 



bZ=Lc J Lfc_3< 



Ce) 



4_<_u^=l*11 cjjjJL «_LLuaJI 4_j1il(6 _ 2) Ji 
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*_uLuail iilj} t5>^ L*V ^jLa^ 1 «5 "-" 



<_jjjaJI 


aSljiJI 


2_2jjJoJ! 


2_uLc J ■• ("i" ^ Al<^— >~ « ' <i I lis X,- 1 A^^— i 


2 <-^ , „tl , U , „j" aj r 21 .1^ 2 itjl 2 Al^— i" 
. .S,^.tl 21ljl '3 


CT^Wj-^^^ 3 -" (jLic^aJI 




2 .tl <- 2 itjf 2 Al<^-i"j < (jl aSMj r 21 .1^ a<-1 A^— i 


2 1 il<* J >• ,"," 2 Al^— i"a i m \j i i. 


^UaJI jUlJI 


4 la i ■■o**' a 


GUI L^j^jlll ^»L«Vl 4.) ilJS 


^IjJULU 


a j ^",,,11 2 il i < -— » T 1 


A. t 1-4. A<-1 A^— 1 A * U , „ 


2 , „J^— 1 • t 1 AJJ t tl 






I^Vl ^ liLi»JI J}U- <>a liLJij ^JLlJI i^L^zxJI ZjIj^kJI ^ r-l.^^ti jf ^^litiJ! 



■1 



j_l>JI ?.lj_<i ijlj^v 4->-jl j j_iic_iJl!l Bjlj^v <ij>.j_s (j-i_j 3 J; Laliil (— j-mLLa (JjJL2 Jjj-^ J_Lc (_>aaJI _ ^ 

*.l_tl jL>*J A ±"i^~* (J—* 3 (J ^„' "JJ^ 1 ' ^— *J * 1 1 8 ?! " 1 1 (jy— L?e-La jj_lC 4_dL«-C (j_^3 (j ■*> 1 3&H 1 1 tiiJij i>J-^j-u -Slj— U 



.«_iUI ^lc < rt*i«=-Titl 



2_ cJiJLcjJI JiJlx. jj ^— j l_JLjl!1 I§_j .jILa J^— • 1 4_LdL2 1 ajl ej 2'^l",^— <jii| j d)ljJc_L^ JLcjC 



-3 



<_jJ-JI (— 1 1 j-Se-xX I Lai j^La/4_A_Lcj | OU _ I UU (j^-jl— a 4_tia_,aic_La isjlj^s. <J1jL>.j.S Jl_Lc (Jjjju (j^i-31 dslj^t-iil 

.j~ua/ 2_A_Lcj OUU _ OUU (j-l-> La ^jj^--"'^ *-I^JI ' ^■!.1^~'" '"'I ^J.' '^"' 4- (J-«-*2 
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2(0)o3I^U2«l 



3 JiJp-uil dll Jlvj *-l-ii (jyic- ^-'J^ Loj < ,* J S i a II (JjJ=xj (_jLljjj| La I "^ 

S^t2^aJI SJIjl ^JUn 4- U 1 * 5 ^V' ^i ' (P um P DOWII) ^yJelJI ^iMI iJU£- £j-«it 3-2 

S<LjjLj^J=xJI <JliLJLie_iji]L K-Lfl^aJI 4-!ljf 4-2j^Li I2_ ^jljUjl (jyic <JliLJLie_iji]l JaJJ <j-a ( 3 Jl-J I La O ~ £- 

SL^>Li 



ijJI *_a ^IJlJI *UL yi^ail iHjl Cjl^Xai- j^>Jl 7 ~2 



■ fU-uj-M £-a 



' ~ ' I j La >. 2— Ljjvj-iIuIj ^ . ..j^— ■ » 1 1 fijjjJL « _■ s i a II iiljl i>j->L> (^-^"j' o - ^ 
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ijj 205 ja-aftJ 

^l>_aJI:3frL-fc.ltfJb-yi 



(J-aljJtJIj L^jI^I 4_2j_*_<5 *_<j ( ^„„* : ""~''* I ^J ^ihf^' (J^?^ 5 ^r ^JL_*_L__Jt! i La <* I j < >» 1 1 _ Al"^- t 1 pljj^l ^J^j^. 

, UA lj , Mlj 4_;_S_SpJI , UA lj <>»tl ^jiLo i La A I j ' -- 1 1 4 a I" AeJL I pl^j^?l 4_2j_*_<i j_ii> BjuvjJI ojui qj& ( 3 JuJ I 

4_ i a_a__>JI 2*.Lii=xJI (— i L-aJv l_JJjl___-J pjj (J^ 3 (J J* '"'" ^fj-^ 1 - 1 ^J-*-* 3 ^ ^d3"^ 3 J-^ fi^jLLaJI i La <~ I j ■ ^- 1 1 j 4_jjIjjJl!I 

a A h ^- 1, 1 , U<- lj ,\\\ Jjj-p j C__uj-] 4 jAj^^j i_£_>_^pJI i La A I < ^ It 4_aj^L!l .jJlSJIj 

: ^yi^. tj^LS (_)jjQil (jj_=_u (j! c^>u 

,UA lj ,MI pl^JI 4_2j_*_<a ♦ 

.^j^lJI <UA I <MI '~'l''j^— * 4_2j___<i ♦ 

• l_£.S.SpJI i La A I . ^ H JpajJtl .Sj-s-CJ (j "I j-=a II 4_c.j_._i (j\j 4_a}L*JI 4_2j_*_a ♦ 

■jlj.-u.ll (Jj-Laj 4*>ljU , „VI j_L__2 ,j-\_j 4_a}L*JI 4_2j_*_a ♦ 

.C-jj-U A^aj^Ul '"'I a i^nIj t lj (_£_S_j_i_l i La A I . %.tl _?_ C__uj-i!l 4 jAj^^ 4_2j_*_4 ▼ 

.4-lIc j^j3 (_yJI J^jIjaJIj JjJJpJI . UA Ij.MI j.ljjf 4_2j_*_<5 ♦ 

.(JjvljJLI _SJl*_l<j lLb! » L__jVI J! £j_a_l!l <— )L_mf 4_2j___<a ♦ 

.(4_jJj)j-lb»Jlj — 4_lJ^Jl!Ij — <_>ujj-!I <— iti A-O-ip-l) i La A I j . ^ 1 1 4_a.bje.ll f-ljWl 4_2j___<a ♦ 

-La-C. I c-aJ I JiJ^JJ 4_a_2j____j 4_2j_*_<5 ♦ 
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C6, C7 t^i^aii^mi 



^ji^^LiL^8 :uJ)i2Ug2j2iltfjll 



L&\pgj\ LAUildJ 1 -3 

' '*'<—- ' 1 I ^_ 4_Lo 2)1 >-><-j' -i)-* 3 *uj (-lis- 43)1 vjv 4jv)_Sa d U. » , X ^<j JijAjia Juin_ujI >Un „j^ 

Jj^— • ^ 'j lJij^i^xI! I j Ju^_uJI <JL*-« £— a I JlJcTli-uVI 4_ftjLiiiJI i Lax lj LeaJI plj-)2 I a <*aj iijuvjjl oJJb ,J i ' ^***'J J 

: !_«-& (j^-^-"^ (J^-^J- 1 (j)l ' * ' ^ ' ' 2^l_jj 4_Sj^laJ L*_i3 i Lag lj LeaJI ( ^<<^~ 

Positive Displacement Compressors o4jVI ^.>a JaAl^ -1 

oSJb 4_LL<jIj 4_l>-j^5 4jvljV 4-a=_pj 4-cajv (j^a2Jb tiJJij jLie-jJI i La » i a '-^j ' g ' J ' ' A ' * t>J*-& <J^~i- (*jj 

: (JT ]Ll!L=j 1 Lag lj'^11 

Reciprocating Compressors 5j^>ii! J^AI^^I • 
: Lg-Laj Rotary Compressors ^IjjjJI JaAl^aJl • 
Vane Compressors <_>ij>!l ^^ lai.ljj^jl - 
Scroll Compressors ^jjJbJI LLai.lj.JaJI - 
Screw Compressors ^JjJJI LLail^JaJI - 
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Dynamic Compressors ^a^aLbjJI lLAIj^I -2 
. Centrifugal Force ^j^jil .ijlaJl Sj3 uLo.->. (^ jL^Ji <U;<^ sj>Lj *uj 4_Jlc ,I_l>j 



Reciprocating Compressors 2uw>)IJ»6l>i*»Jt2 -3 

Ajja T^avj-Jla Joi-Jul jyiu.L3j (j ■■ _■*■— - i ^j} ^ il aia i uj (j-o ^) 1*~~ '**' ' ' L-O-SsJ I La <~ I i a (1 ~J>) J*~~ ' '"' Tc-tisaJ 
tiJj^»J,l ,aj-2jj .J-u^ajlJI f-'jj^ J ' ^" U (l£JJj-^3JI) 3jIjVI .ijnr 3-La mljj 2MjU. ,,NI Ji.lj (j ■■ _■ ^— 1 1 tiJL^o 

aU^a (JjISj^ (JLioVI aU.lj •»■ " QJ ^^p- Jlj^-uJI i La-> i uj jLic_J T^ljj^Vlj (JL~>oVI ( _ ? j_JLc£. ^- Trjjj^iJIj 
^ La a l! I *u-ul 4 La 2 x II ojui (jyic- 3^ JLP Cr^ 1 ^' 4-a.tiaj (j^s ^j ■■ j ^a 1 1 IJljj Ijj <,JL>oVl Jaj-ilu (J}L>. ^-IjJwVI 

^U^ Ui . Bottom Dead Point ( ja^a\ <£u±\ ikiiJ! jj^ CT ^ibj < Top Dead Point lIaII £UI 

J^"~ i "■ tcjJsjj j .(-ij-Lail i La » ' ^ ,j-<5 (jy icl) 4_u.<-a 4-*-iS Jiic i La » i ^- 1 1 J caj LaJiic •»■" All ^_ IJljj^ t^Ij^VI 

. Jjjaj-U JjjJ-U-a *_<J 4_J_<_uIj 2MjU , „T ^^ (_£_S_Sj3 i La <~ I lis (J-4-C- 4_2j^la (.Z _ j) 

JajL-uj *_<j U2D> L-i-jj^iIi! I j Jijp-uJI <JliVLjtA u^> ^r 'J' <V*nl j-L^s 21 (JT ji Aj^^pJI i La g lj LeaJlj 
>3gZoa .(<9->Jl i La * < '-^ 1 1 (j-a j_i^=jI >l~cij cLaJt-i a 3 (JLc ' ^j"'*"""" 1 "' i-LaJu a 3 Zj-uuus Ajvljl < • 1 Lajj (j,jJ' Jlj>-uj' 
j? Aj^Lv? Aj^^IJI .UA Ij.^11 jj^—" (jf Jj ^— ^jj t 9U-^5U IK. (j-a ^-jljIG Aju-uj Aj^^IJI i Lai; tj >iaJI 

jj^l cj! jL«-a j_a ■>jLir",, l jj-p.Vl ^iJij Single or Double Acting J^JuiiJI ^l_o 



6) ' < *— ~- 1 1 ^ "* ' ■ ' -^ I 
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jjLfl pLu: 



illjis-iVI U"'j 



iUdi'< Sifrli 



^//////^ W^ 




ji>il lU 



iijiiJsn -*- 



JjJajJJ JjjJ-Lt-a x_a 4_jjj<ij ^MjU. i ..T ji (_£.S.Sj3 J^.C.Ljl3 ( 1 _ j) (Jj 



ja^n 



taujaH hjJ* 



.Vftrt 




" — >7 -- ;J ■• < ''■' 





ah 1 1 fie. 


i 


i 


— {— 


^ 




o 









M 

i 05-f.i.Jl Joajlu (< i) i La » - ia 1 1 lL j^jj ( l) 
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Hermetic Compressors jiiSI 4<i^^ JaAlj^ 1 -2 -3 

_Jj_iJ,Ij i La A I <^tl *__.jj f"J— " tjUk ^_j tJjJJiJI C^^~ ' "*** '-f-^-LP LLa— , I us (j _ j) J*^~ ' "' T 5 - 1 ^ 3 ^ 

j i La —3 ^Lj^^aJI jLjUi J-<—>«J <_y-!l _J}L_Vl <U_ Jj-cj JjliJI p^>— * _3>l—. 4- U-a ^bj-g—— Jl (jjjjil) 

<__& pj— " i-XJ <— JjoVI j i La A I j i ^ ] I ^5 pj—II Ijui (j-a JiJp-uJI *_La jLitjJ <_jj__u CjJ_>o VI <_)_>j)j__U 

(j^i jjjjJLI Jij^jj (*j£9 *j Jt_ — Jl ' ^.u^""" 1 "^ *>4 r J'' 3 ( ~~ 'bj-^-^'j a_*J^JLX1 <— il^-JLI ^_ 4Jl«jlLjJLI . U» <» 1 j < >» 1 1 

JVlllIllGr _jjj_> *uL__ c r i-j__'j3 ajj i^Lcj / , UA I <MI (J^lS. ^ La » i a (_)j_ Jjp_Ll!l jL_ j'j-ol iJJ>— ' 

jij (JjISJI 4_c_=_><J.I i La A I j . %. 1 1 4_Cj__i :>-jlj_3j .JSjJ_Jlj t_t.se-i.uJ I ^jlj_u-a *.L_iI *_-_JI ( " l j i — II ^j^l __La2 

jr^la-Ji ciii -jIj^j^aJJ 50 rps j c_j__ai JuujVi ciii -jIjjj^jj 20 rps 
Semi Hermetic Compressors £2_u 4_l_- J_c.lj_i. 2 -2 -3 

£— _Jj_>iJ,Ij J__I__JI x—ojj P_5~" ijUk ^_j < JjlLa 4_l_j Lj^JijJJ LLa— , I <— > (4 _ j) (J_=__ ?__>jj 

.«_w^L_slj 4_t_2 4_jjl___al «_/j JlvIj i_3^L_ 
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.li^UI j I ..■ J*-»£*l 



^JnK 1 fwb 



j_Jjjl Jjj. j ; j_j 




J*~" JSJ' ■>*** 



(jiilt *w=x^ta i^-i-ip cki-Lis (3 _ 3)Ji 



iiljkuuVI 




^IjjjJI j^p 



jj*i&*£ 



JjuajUl JjjiP 



jiLa 4_ui i_£-S-Sj3 cki-Lis (4 -3)Ji 
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Open Compressors 



4^>- 



Ja£ I q-ui> «J ~~ L ~J 



, A t ** A ( U*V ^ | A . ^N 



Crank ZjbVI ^^j q] ^ j^v j .lLxcI >Mt C7 jvjL>ji (-^^LLii j-lc ^=jjJI jzuj Jj *■ *\> »ti j..^*» 

jjjj^j ^j 4_jJ| 4_^jj^>JI J Sj " (_gjjl j tljIjLu-uJI '~'l ^J^~' a ^- >>JLge!LmJ (_£J-JI JaX.1 liaJI jji i La e I j i ia II 

.<Jlil >=ija >jjji 4 la i ulaj 3jL.ii.uJ I 




7-jHiLa (^JJj3 iUr Lis (j _ J) (Ji 



: Jl L^jjl^l 4jLj_La CU-jj>- (j^J 4jvjp" ^ 1, 1 i LajZ lj lia II ' AjJLuaj Jj *^— ■ q ij 

Direct Drive s^AL* Sjbl 
.Flexible Coupling 4Jj_a 4_Lui*3 JMs* ^ jlh^' A*-**^ 'kM .mi ^j^c J-^u L&j^a 

Indirect Drive z^Lua j_ui 2jbJ 

, La <~ I -Ml Jjjax. (jyic 4_L==j_a ""j^~ U (_jll j^jjJLI 'ji'' (jj-^ 1 ^ .' ^~V A fj ^~*.' ll)-* 3 4 -='j-^><-! I J flJ ™ L^2j 

.(_j^j avj a I >li-u 4 La i ul aj 
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Cylinders oU^l^Vl 4 -2 -3 

i-iIMj U , „T t_iJj3 J 2Mj U , „T aj ,",<- (-, , I, j cjjvlj 2Mj U , „T ^j-u Aj^^pJI • La e lj tla II Ol ^Ij-La i ui ^JlC t-jIjjj 
^•CuljJa i ul (j^l Lfc^jLC sljIM'IMjU. . ..SM i_i3j3 Lc-Lu < Ifl-llflC JlvIj tlai. I§_ ^yGjIjia ■ u^l iljli i Lax lj tlaJI 
J LJJLu-gJu d Lj^J "'"' 4 ^J ^ ' " ) j-AjJI ^^>- £ys '"'I Jljia i ■■ >l » i < ^."j . W i_3jjv ji V i_3jjs. J^~ I ■"■ (jyic- 
2MjU , „\t t (_ijLcj *_a "j''^ll i Lax lj tia II '"'I jljla i ul ' ■ • < ^~J • il\ £ ~~ ~<^y> 1 4_ajLSJLl 2Jljj>JI «Lt-aljS- 
(O _ j) J^~ ' "' T 5 -" 3 ^^ •* > '-^- a ^dhH (J' ""* 1^ *-a ' ; ' ' -^~'° l ~"j ' • ^~ l 1 1 *-LaX I jjtiaJ I '**" jljJa i ul Lai < I j i uljj 
.cj-iIuLJll Bjl^Vlj y-jj rt 1, 1 *l LaJJI (jjo V <— 3j-^- J^~ ' "' Cr^ 1 '"'I'^J^ ■ "^ -SJ-SLla LLaX, I i a 



i Q bB *w4ii aj nm 




/ 
j>lt 4*1=. fL^e j^^, £)ji 






JaiUiJi i_fcsui 



V J^i mi ^yic OlJljIa-uiVl JjJljlLo igJJp Jai-Lia (6 _ 3) Ji 
2j_iIuLlII BjI^VIj y-jj rt 1, 1 a I LaJul £yi 
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(■ |T f II J_LC (Jl)ljLu-uJI (Jl)L=JJt<S <J1jL-uLl 



Pistons cjL«L^=l1I 5 -2 -3 



<j-a (jlcjj J^JJ 



aJljcIl^j . Double Trunk rj^jit fO-^' ^'^ cjL^Lj=j 



£j4-C j-^>-I I Cj\'^ CjL-uLl=xJI aJlJcIu-uJ Lg-Lu / 1 U<- I ,>.tl 2MjU , „T (j-uij ^- Juvl^ILa aUia <J^L»- jLit-iJI 
a3 lL^CI tJaJI AJlj-La i ul dajLv ^_ (JliLrcaa (J^l-i- C-xJt-uJI jLj>*J (Ji-Ju LoJ_Lc 2j_u.=xJIj 3 La i ujj 1 1 JaX I j-JaU 
Tcjiaa-a aji I -:^~ l (j^O^?^' <^l'-5 '**" ' "' '^~* '' ^° >> Jljt" i m \ « .(_jjjLl=xJI (j-ulj ^- < t-3e-m.II AU.LJ J^Li- 



^P> (3^jJlt tijJ^^ Ji ^ih^ 1 t^ J 1 ^ ^j-"* 3 1^ Piston Rings o-" 1 ^ 3 ^L^>> (7 -3) J^lAJL 

jLJj^tl Lot .ijj-uull J-U L^L^, jj^j OjJJI (j! ^tP* 50 mm <> JSVl jUaSVl 4- q^L^aiJ 



jLjiLl=xJI (_paju LjJL»- » ' ' «q3j c-jl u t 1 jjJlj>JI ^j^s 4_aLc 3jlcLa=3 L^jLiLvj <jliLjjLl=iJI * '• < ^~j 

(j •■! _'^~ 1 11 *.ljjvi (o _ J ) J^— ■ "■ Tcjisjjj .(JJ2 2I (jyic 2 JlvIj 1 La » ' a *■ ala* x_o a^.u.1 2I 4_=xj_u-u (j-o 



yJiSJI 



yaLS!) itiii 




JuLdil ^Ul& ' 



O" 



L^=xJi ^uj^ (7 -3)ji 
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^Li^JUlj^? (8 -3)Ji 



Suction and Discharge (Delivery) Valves -SjJaJIj c-. 



diLaLa-ua O ~Z ~3 



a I »juaJ I J"^— i ■"■ (jjJ-C- '"'I al cjuaJI (J^iS- *JjLU (jLjj_<-u 4_5e_£Li i La * liaJ I (_paLiiij| <_k2jjj tiJJju=5 .4J 4_oj^LJI 



U5* 



(jlj juvlj ^L>ijI ^_ ^jLjj-ijiJLj jLie_iU ?=_«-, 



iUjjso '**'! al -i t^ail f->^>Q i— ^><J I Ju .jLjcJI jjLjj_<ji <Lci_<-ua 
, La A I - >> ) I £.l_sl (jyic j-Jp ^s (_P-J' -SjJl^JI ^- (jj-=i3 jLie-jJI 4_Cj_<_uj Lu-i-uJ *j l .'^~* 1 r* ' Q^aJ I 4_s^l2 
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( £>_j ) JJj^t ulJuw$(»_J 



j___ t 



a I — — l>. ■ » I x-a 4Cj-ndj 4 la j i ■■ ' J a — i a •»■ **' qj (j I ,j~"" ' 1 ' _-^>— (jjaJI 4 *^*' s - <»-SLa £ys '"'I al a .^>'l « '< - _j ^a 
, La g I _aJ I <_lji_ i uj (j-uij (J^— >- iLaJL—aJI ^_ ,Jj_iaJI 4_t_j_j (_>aaj Lij___'j '"'I al -: _aJI (j-a 3 a I" -»- a plj-il Juv^jj 

ajjijjjII .u^ij.^ti ^(jf 7 -2 -3 

: <UJ.^pJ< __c 1 j___1 4_ _L a A -- * Jl ;„| A— ^- tl 1 - / — _, ~J 

' _— _— H ^_j 4__! (_____ <_)}_>- i——— < u jlj__a La-Jjl (jjjlj__a q -I - '~~' II <_Jj__b _JbjJ__JI LgLa— -j <— i] (J—— 3 ^_ 
LaJ__. (j "I ;— — i II ^jL_ <_lji_ i - VI (j-ulj ^- — - iLaLa.*_> JsjjvjJ lj___j .(C-ti— — ulj aa_L_a )Vj jlj__a ajj (^LliJI 
~J) (_)___i_JI ^_ (j) <___ t/MjU. . ..VI ^j^s Jij-Laj V i La j iL— — t I j— — I £ya l*-j— ^ <-^p^ 0jlj__a AjL^J Jl J _aj 
Jl ^JlaIu t_x.se-i.uJ I jlj__l (j "I j__3 II 4__3j_w *-aj 12 ————a J_c V c (_)_)jJL>JI *_*_»o *.j_*JI lj_fc ( __a__u .(-? 
lf.\ a__> II _v_. j-u__ll (j__3_a-ij <_lj_a i "VI J—^-l ^ 2JljJ_*JI 4_____l (_ji-J_ _ ;.£>■ (4) 4_La_u Jl J _aj _jT 

:i_iVI 3J.sL_J.I_ 4____>_l 



^01 = 



ActualVolume V x - V 4 



StrokeVolume V x - V 3 



(^^^i-^JI f_5_>JI : Actual Volume 
jlj_UI ^_s__ : Stroke Volume 



V -V + V -V V 



v A 



I vol 



V Y -V, 



v x -v, v x -v, 



p V n =P v n 

r 3 v 3 r 4 v 4 



(^j , 4 J (2r— — — S— II _hj (j—ij^j—jJ^jJ I _j___L <__>L>_I 4J_}L*JI al j__l_Lj 



i! Vol =l + C-C 






.4_jJI_JI 2 jj — aJ I <_-!— • 4-j__s=_»_l fi£____JI <__S__a <j|___j Jj— — ■ «a ' 
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(^j^saJLiJi 4_li.uj /_ c-m3a V s j I a-iTu.ll j4Jt>« V c (^j^saJLiJi r«-5t^- (j"*-> 4u-mJLl I : L^ 

Polytropic Index ^j^uij JoUl^I 2_ ^^pj^ji ^Vl : n 



:4jj^M 4J.SUIL (_, La iuj AjijiaJjl 4_w-5t^»JI 
A T 2 



Vvact = rj 



vol 



Pi T l 



P2 



P1 



2 1 /I 1 A -w 1 1 4_L4_%jxJ1 a - I ^ •£—> \ 1 : lly ac [ 



PV = Constant 




V 



(^^^l!l lLJ.1 i>>\\ tQ^>JI -cLijiaJI C3 _Lrtla (9 ~3)Ji 
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PV = Constant 




-«_5ej>JI -JaJLiaJI (jy lreJ.o (jj-l-C- eLaX.LiaJI «JJ-S ( 1U _ j) (Ji 



nr 1 J P2 V 2~Pl V l 

Work done = — — - — - L - L + p 2 v 2 - p 1 v 1 



n-1 



n 



Work done = (PiVj) 

n-1 



n 



Work done = (PiVj) 

n-1 



P 2 v 2 


-1 


I PlVi J 




p_l 


n-1 
n 


-1 


I Pi J 







Power = Refrigeran t mass flow rate x Work done 



t^LlJL—zj i Lax I tiall 2 j j I La 1 1 BjJlaJI •> j - ^"j 



n 



Power = -rh ref (p lVl ) 

n-1 



f \ 

P_2 

vPiy 



n-1 



-1 
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n 



Power = m ref RTj 

n-1 



P2 



n-l 



i? = 



M 



(K) eLi:L^iJ J^IjJI jLiJI 2jlj^ i^jj :Ti 
:^JLUI iJjUlL e^l^uj L7 ^^\ jLjlJI CxjQ :R 



8.315 kJ/(kg.mole)(K) ^jL^ f L*J! culjLAJ! c^D :R U 

(kg) jiJAi Jn^\ oj^\ :M 

:(1 -3)JH 
BjIjjv ^-J-^ u^ Lcic 4 DclX Jl 1 Dctr (j-a *.lj-& lLsju iaj (^j-Sj . u A I ■ b I <Laj}L!l 2jJlSJI L.mL'i.l 



1.4 ^jl^uIj cULjl^vi 4. ^j^lJjJI o-Vij 28.97 kg ^!_^u c^^i uj^j 25 °C j^ijJi j^i 

.0.6 kg/s *i_^Ji jajg Jjuusj 



:J*JI 



Power = 



n 



n-l 



m ref Ri; 



n-l 



P2 



WU 



-1 



Power = L4 (0.6) ^^-(25 + 273) 
1.4-1 28.97 



4 | 1.4 



87.39kW 
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J^ljJll jijmia .ui;.^;vt 8 -2 -3 



L^jljjjtjjj BjIjjv ^>*J-S <L»laJj ^- 4_^3L^j 2j_u.=3 JaX.1 t^aJI (j-« 4 j j Ua 1 1 i LaJI tla II 4-u-uJ ^JJ^~ '"' LaJ_Lc 

: <Lj3^f I <_jLu-u 2 1 4_3e_pj (j^ SI u2lj£] j-lC 2 JjvIj 4_L».j_a (jyic i Lai » tia iz\ ^jj^~ u < 2 <>» A- 



(J"~l «IJ WjJ 



J U vi^sT L^I^W^I JulsUII -2 



^JLjJI JajLiiaJj 4_5t_£Li 2j_i_l=3 >— ij-i-uTl! I CjVLaTi>.l ~J 



bj > • ^— ■ 1 1 (J J* mm 11 <uil: 



Jl^_l1!I da_L<jij jLie_(J Jl^_uJI ajj tLp> (Jj>JjJ,l .SJuiILa JoLLtia-lVI qj& JljV 4jLL-uJI <_jLuji^L! IjJiuj 
(JjLiSJI (_yiijjai»o (_^l (^-ijJ tiJJi (j I lIzij^^Ij^ .(l -I -I _ -3) J^"" 1 iSJL ^uLaj^J jjfc I <\^— i (JjvIjJ.1 tiJLJD (j\l 

. (<_i 11 -3) (_^=xA!l 4- «j-<ij-H <3.Uu.lL j-tisjil Ju>xil! j-jLj jL>«j ^yic l^IjJL . ^jlUtl 




p 


0) 








1 


w 




P 4 


4 








V"' 






P2 






n 


3 




\ 2 pv -Constant 


P 1 






^\^ 













w 



o*'-.'^ '■^.'"'^ |T a J^L? 11 vt *" ,/ ' ^U.^'.VI (11 -3) Ji 
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Rotary Compressors 2UJIj^lJlia£lj*»ll 3 -3 

j (VL«jlLjiI i ^j-Lju s $\ jjyjt ij^^pJI . Ua. lj .Ml (jV Ij-LaJ VL«jlLjiI (JS? ojL^3 (jlj ^JLLuJI p-l_jJVl £ys LJlj^l 

.4_ljJjUI i La g I j ■ ^- 1 1 j (_)IijijJI dili i Lag lj iiaj| L«-<i (j^-^J- 1 

: !_«-& (j^-^-J- 1 c^l '-*JJ^4 1 c^iP' <— >l^ , u <- 1 j . M I ^ , u A "j 

SJiaJ^aJI 4_JujJI tlili (aj^vjJI) 4_jJIjjJl!I i UMj .Ml -1 

(_)IijiiJl 2^JulL<3 i Lax la '^- II - .Z 



i»jL>»ljJ! <LiuJjJI oli iaJljjjJI iUf lajiiaJI 1 ~3 ~3 

( _ 3 jvjL». ^ >lj La i ul i_3^^-C (j^s ;JJ^~" UJJ ((^Ijj^ daX-Lcis) sJlvIj 4-"»JJ li LLaX. I (is (1.Z _ j) J^""" 1 "■ tciJsjj 

(Jjjjlj 4-<ijj J! iaLisVLj jLitjJI T.^ij^- ,*l-q.ia j / d u » , x B^Ljj < _i j I La 1 1 jLjc-Jl! (JjSo odLa (jylc (_£jH>u 

<j|jia i ul J^JJ I o-=3 j^^-> LI I iLajL.Lea.il (_i_iL>- (jjz. ^LsJI JaJt-JaJl (_i_iLv J .^ At jLjc_lL! tiJj-ujj (Jj^aLi^s 
4j=jjv <_i]j_silu tiiJjijj A 4_jjvjL>JI <uljla i ■■ »t j.^jj-a (jjz. ( a t" -- j JJ (jljj-^ JJ^ 56 -* 5 <_!.$*■ JJ^ 4-jli.l.i 

jilc j.l<.u3 Jl (Ji- jJLI j * <~ j i • *-—> (z-^>- (j-o jLic_JI 4_i2 Ji^-jj i_£>J-!l j-^- >1 ^' J- 1 *^ Ji ^-l3" <3 (prj-^^-w ^di^J 

.3 JljvIj 4-tijJ ^$i ^_a^vj i La <* I <is (_>a£. 4_2j^L3 ( 1 J _ j) J^~" ' "' T 5 - 1 ^ 3 ^ J ■-^J-* a ^' ' (J! t ^ ua 3 
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LcLoJI JiAi 



JacLojl Ji* 



IfljkJ 




BJlvIj 4-<ijj ji ^IjjJ *Ur Lis ( Iz _ J) (Jj 
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JjJallJai 

7 






/I 




Lja-«ll ij^ JUSI :Vjl 



JjJillLa. 



^J^Ji^Ajj 




JUSIj Li^ali JUS' :I3B2 
_ii i a ■ - JajJi 



jjlallLa. 




JaiUaii Lp JUS i :U33 



4j^3#*4*j 







Si |La>|jJ| 3 iSljj II ^ [SSi^J ^ LLxC-LiaJI J^g 3 fljjia (13 _ 3)(Ji 



Vane Type Rotary Compressor z^juuJll o^d^ 1 ^^ J^l^^l 2 -3 -3 

.(^-liiJjJI ( _ 7 -uLn- (jyic Jai ilail (Jj^ JJl=»o) Jlj^-lIJI *JiLa p^j til! Jl=3J < <U jlLaJ, I Ja-LiiaJI 
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2MjU , „VI ^j^jj * g : J.' *.jj (n>tl 4-^aj — tl Jl iaLisI (jijjjJ! ^yic ^ j ^—j 1 1 Sj LaJI 2jS (j-o ^jLill i-dL^=a "'v.VI 

<(jijjJI (J^=ti Jl i^-ijj I »^=3 dJL=xi>-VI a-*jjJ ilLLaJI 4. j_^l=j jt2a ( J\ ^Jj ^iP' A^J i* Jlc -J 

.Sjjvj uuij 2'ij^— ."t I a A I" ^- t, 1 <JliLc.lj_flJI ^_ ji^>-jJLI jLitjJI (Jj-c J-& CxjjjUjI j-lC j-i- I LaJui OjjJI ^Jiijj 
4jL». ^_ _S>Iajl i Lu- (j^3 jl_jc_ul fijia^l (—i-LreTu Ja£, I c^all TTJIV^- aL*j-3 -S*>-9 2 j« sois /_cl o I oJ= ■ . ( _puvjl 

i La g I >iaJ I 3 , U » , %. 1 1 ^jla Lijo I 

(jjj^S *j iJuuzl I BjljjJI i La g I j i ^- II AjLJeTn-uJj l! / Jl J uaj sjljjJI i La <~ I j-JaU JoLLtiajVI 4_i_ 1 .ujj 

.4 kW j\ 

Ivl.j4ct i \>^LL i rvlZ <J1jLJjj^2j Ljj^a^l x-a *j"'^~" \' 3j-i-l^xJI BjljjJI i La <~ I j ' ^- 1 1 AjLJeTn-uJj 
Caiu (*-<i9 •^d)-'^ Cj "* * * ' *J ' .'*"""' CjiJl»-aJi \^>ija . - / L^ /Jl j c^aj 4 «^*> aac La 2 51 vjv <Jl)LvjJu 

.{_yu&)3 <L3e-LgajQ 4 La 1 ul aj LijaL^ta 



:4_jj^M 4_J_sL*lL SjuvljJI 4_JujJI dlli SjljjJI 1 La g. I j 1 b 1 1 ijvljVl ^yiaJUj 



V D =-D 2 L— ( m 3 /s) 
D 4 60 V ; 



(m) „ j^n 1,1 jJaS : D 

(m) „ t ,g-itl jl>^» :L 

*2j3jlJI 2_ ciLilJI .sj^. :N 
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t(2 -3)JLw 

jryi .L/D=1.4 tfjJaS Ji „ i^ti jijA^ wi o:L£=j 0.0538 m 3 /s J*£L^ji i^ijt o:l^=!jJ 

.3000 rpm ^j-^^iiiiD, L <> >L^= 



:J*1! 



4 60 

=> 0.0538 = -xD 2 x\ADx ^^ = 54.97D 3 
4 60 



D 



0538 
3 /_ •-"' - = 0.099m = 0.1m = 100mm 



l 54.97 
L = 1.4D = 1.4 x 0.1 = 0.14m = 140mm 
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fee _i' - ;i^ 



0) 



ii'-ii 



EJ" 



laG Lhdll J^,la 



fecial _s:^ 




-j' ji~, p 



Ji&UaJi —i^» 




(jij^JI jjL*iia ^jjvj jljji tLiALis (14 -3) J^ 



Screw Compressors i^Jjlll JaAlj^l 3 -3 -3 



Hu. ^ OUiU) jiJS?1 t_JjUI ^jI^j crp. 2_ B^LaJI 2_ (Lobes) ^Ij^ ^ujl ^ (jl2UJI)jIjjJI 
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.^jliJl c-J^ui Sjbb jjVl c-J^iJi ^^l LiiJj j^ 3 jjVl c_4$i]i ^iji>^ 2jiiLia (Grooves) lJ^uj 

(jy ic ' flJSjjJ 4_Ll<-o JoLLtiajl 4_lxxuj T^icJll Jl (J^JlII (j-a Ljj>ojJlj jLie_(JI JaLLtiajl Jl (_£-H^ L^ 1 -^' J-* 5 ^' 

■ 4_a.bJeJ,l (JliLclj-aJI 

Juvjj z^ j-lxjus sjljjJI ?.ljjv 2I £j-u (_^3jL>JI (j 2 4-J-JLc 4_jjJjUI 1 La <~ I j-Lgall 4_ l cJc-j»JI 3*.Li=xJI j-ll*j 

Lc LLaJ3 (It) _ j) J^~ ' "' T^ 2 ^ 3 • ( — J d3 _ ^' (J-* 5 ^ ^ A^J - ^ MJ-t-u "^ " aJl*J cjljjJI ^.Ijjv^l ^j-u < fjl ^— ■"->- 1 



.ck£U^aJI <> ^1 !\JiiJniauij^Vl(18 -3) J^uSJ I 

jj^jJijJI (_g j LaaJLc Lai <GjLaj>J a^j-LwL) ^ I La LI C-xljLaajl (j-a <JLsLij^><j <LL_u (jjJ-C <— iJjUl (_£^Hj>oj 




(C-J5AJI ^Lzs) ^^Ul ,Ur I .Ml (15 -3)Ji 
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jtii^i ^j^i 



jtfl iJjUl 



5j|jk«iVI 




^JLmJI yi -<■»*<< JU jit aLh^ 



v t J ltl^lf, ,UAI-ut ^.x J ,- frtU«(1fi -3) J. 





v tytl ^| ft .UA I .ut l J ^ 2 ^ U ( 1 7 -3) J. 
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Jl jjjII j^jc fS"5U JO" e 1 * - 



J-Snaiiiijj, 




jj l tl' l l l jl.jJJ 



jj^JijJI (Jj LaJLc *_a «L=3j^taj (<_Jjl!l (_£.sLvl) (j^ji ' La C I i a ajuvj (lo _ j) (Ji 



Scroll Compressors^^) 1*21^1 4 -3 

4_jjj_ill (JllLfla^=JLl ^_ ajLsej.nU (_£JJIj 4jvljVI 4_lvj^j BjljjJI da£. I jjiaJ I £yi ^^j) jJL>J I i La <* I tlaJ I 

^jL^j juu ^ u^LAj^s °180 j^kJi ajjIj jj^i U^J Orbiting ^jIj^ j^Ij Fixed euis Uajl^i 

(_gjl jJLI jjjJL»JI jIjl£3 MALq Ljj^-^ LLai.L^ (19 -3) J^^i ^.tisjjj .Orbit jljiil jiai I aj^aj 

. Lt=j_jJjj Jlj-A J I CIiLjLjJI 3 La i ul^gj CjjLjJI t jj)jJb»JI 4-g^>- ^- Ljjja^s (_£jl JlLI 
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uj^^j^ ^1^(19 -3)Ji 



^iu.^4 JaLj jJ Jt£ 







&i« Jat j j -j JlC 



\ 

^jjJL.JI Lki.LiaU ^jljJLIj CxjIiJI jjjJ^JI <jj3j3 (20 _ 3)J- 
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Centrifugal Compressors 3j>5>Jl3jjU»llk6^l 5 -3 

(JT ic 4_L=jj-a diLcLajJI jjjo icjj^jjt^ j| Impeller <Lp-j)j_a 4_c.l_2_s £ya i_£j_=jj_l,l -Sj-LaJI , U M , x .jj^-."j 

.icLajJI J^~~ i "■ (-Z1 _ -5) (Jj=j-iIu TcJajj^ j_&jJI JyJ^v <j-a t-^^Lc. I§_ tiiJi (_j=5 xjus^jj i A.^W l ^ya _Sj^_c 

*l jjeTmiVI ixjLiJI ,UA Ij.^tl £_ L&jijLC. £-j1jjjj ^ijlUt I ,U;,Ml Cy ic (j^L^Vl '£- JlaHaj cjLcLajJI j>Jlcj 

4_jirtjJLI (_)IijijJI (j_a JJlc I -: g Lu (j-u-ajJa (j-* 3 ^ij^— 1 " 1 " 4-cL2Jl!Ij .(j"tl<-<3lj sJlvIj 4-C.L2.S (j"V ' ^J.!' : ~'"'^J? J^£>-pi! 

ti-^p- (_£j_=jj_tl _Sj_LaJI ■* se < ^- a j 4jvj)j^a (JjjuIuJ 4jij_Laj (j-u-fl-i ^-A ^j.^3j-ll .SjJaJI i La g I i ^- 1 (J-lLiTuTl! I Ajij_kuj 
j-Lso J (icLajJI (J\£.) icLajJI j.~3j_a ^_ 4_»iIL2 £yi a u^Asc 'A I 4-Cj_cxl!Ij j^^-> II I i La » ' ^- 1 1 ji jLicjJI C-L3e-<-uJ 
(JjvIjJLI 3_SjL*ILa i La g I j ' ia 1 1 2_j .^j-^jjJLI -Sj-LaJ1 i>jJ2 tS*-^-? ^ 4 „""* ^ L -" 1 l£j LaJiJ I <>L>oVI I2_ 7^j)j^>JI (jyic 
(JLc i La » i iaj jLitjJI 77j_><jj i La » i ^- II B^LjjJ ljJ=uij ,_£jj>-I J I (<LcL2.s) 4_Lvj-a ,j_a i La j » < >> 1 1 jLJe-jJI J 211 ib 
I Jui lJjJCL>iJJ i La » ' a J I L^Jbj^o j «Qcj_<j< (JjJlSIl! < -: ca a l^^Lc ^_ (Ji-JoJ icLajJI da_pta Jilc ^-jJLc icj.^j<j 
ji )>_La-i <— iLaLq-i^3 J^>-j3 V (jyJLlJLjj j-«tTn.u.a jLic_JI (jLjj_<-u (ji ^_ 4_2jLijiJI pljj^/l £yC • La g I j i ^- II (j-a pJ-iJI 

.(jljiv-i.ujLj pg-a-<-uJ 
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4£lA.lll Jii* 




&IU1I £ja-4 



ijy~=>jua ijls ilxcLis icla j (21 -3) Ji 



L»L>d] 







ilujll (j'j* iJ^l^ 



(j^^>-j- a ji lSJ-^j-* 5 -^j-k Ja-c-L*^ (22 _ j) (Ji 
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icLajJI ^.ti^jj (j-« 7rjj^>JI 4-Cj_<_u (jyic 4_u.<-a 2 <m"^-i (_gi Jijp_uJI i La-; i "jl i Lail >iaJl ^_ B^LjJI JlaHaj 
4_2jJ2j^jj J^jt-ta 4_c.j_i.aJI ojui j^lj .icLsjJI jJ^J2j i La g I >Iall 4_lJ|jjJl!I 4_c.j_i_aJI (jyic JlaHju 4-c.j_i.uJI ajukj 
CjLv^LI CjjJlv ^jLfllu (JT Io-j .Jij^-uJI ' '-^J * "J ^- '~'j uaJI 4-Cj_<_uj 4_cI_2Jl!I Lg-La c j « . ^ 1 1 S_lULl 4-JLla (jyic 

.3 Juvlj 4_ljvj-a (J^iiw AJj i La » tlaJ I ^_ 2 jLjjJI (Jjl*. ,j^~ » < ' jL*-J' Uhi^-^ ^ J A < V<tl 

JjLo ^lc ijjila L^pa liUjjj (3000-18000 rpm) ^ ^ji^a aJU ^>Ijj^ ^Lcj-^> laAl^^aJl 

Jlj^-u ^_jlaja *_a ^ j — — ' j 1 1 j v_LaJI :Ui-l»,>i J.sjua 4 La i u aj a a o^-JLua JaJt-Lga (— <-<-u-b 4_uLg. Jj^JlJ cSz Jjla 

^L^Vi J^ 4. L^J i^j-a L^.U^j . Rl 1, R12, R22, Rl 13, R500, R134a Jla uh»* 

Ju2 o? I A^— . II ^_ ^j ^« ^ ; 1 1 j ( /U - OUJ /O ^j-u l?\ «*-— > II 7-jIjHj I aj -i ** j (J-l^-iTuTl! I i_^j)jJo (j-a *-<-ulj ^^Tn-u-a (jyic 
j_l±^3 Jl>. J| diLcLajJI (j-u ^^dhl-^' Ja-i^ujJ (jt j1L>iJI <■_ ij-iuTt] I (J-S^a .<_fJL=xIo*Vlj <JljLaljjJI <_,!! f-^-j-J 

aL^L^Vi Ijlaj cxjIUI *j^>Jij j'j^' O^' c^v t^jr* ^p- Labyrinth pjj ^ ^^=^1 -JjujcTa-uL 

Tc-tis a-a a_<i I o^~' CxjOjI f. j-><-j' ^- <— ' 2 i9^ >,J '-$-'- , '-^- , )' jJ-Il *• i"? 1 "^ Ct^ 4j=iwi ' J uaJI (j-a ?c_sl j_ilu (j^a ;JJ*~ ~ » A 

L^^Lcj (j'jjjJI -Sj-a-C aL=JJvI (J\J l _yS^\ii}\ *_/5 aL=UvVI (_)}!.>• <— Ij-iuTlI I (_i-l-ul-LU j .(2 J ~j) J^-. iSJLj 

<J1jLc.L2JJI (jyic ^j-LaJlj c-l3c-<-uJI ^JLv (j^> JaJuiaJI l^^Ij^'^ ^-*-^Jj .?tjtj_<faj| JJlC (jyic JlaIajj i La g I - ia II 
.Ajjj^J.1 JjuaJI Jj SjS jlj3l 4_lL<ui (24 ~3) J^— ij tc-Jsjji^ <i>.j_a jj>-T 2_ icLajJL! ^j-Lail 
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lj^ULJIj J>»*Jl jjjj fUac. 



jUUjJI ^ r L^=^vi (23 -3)ji 




jlj-llt *JaJt yJe laji^l ^ jLuij yj| jj^j ^Vl 



ua^Jtial 



^''^":;V.r' ! ^r.T^:T/r.V"Vr^: J ! < !^':\'r?T'™? ,ffJ ^' J ' 1 !* 1 *° a 
;'.M' h frftfr"^ 




4jjj^>J,I (J-*-ail -Sj 2jJ2 ^jljJiV t _,t-ijt-i-»o f«u-uj (-Z4 ~J) (J^ 
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k£UJI<^p6 -3 



CjjjJI ,j-a 4JLi2j SJLiLa ^jJJ^~ '"' <-fJLJj.=3 C^-ujJlJI < — J ,9d3 C^! l ^£H^'' < ~- J L)J^ ^r ^^-stJ-m-li , U<» lj <>»tl ^Qj>o 
j 4^>oLl!l 2jlj^>JI 4-!ljVj Hailse.il ^Ijjv^l £j^j LfJL^a "<*>-VI J-lISTl? A ^—j -*■" 1 1 j-^alltJI i La » i a J^sel! 

XJi^ < f*-*^' "Ji:^^ , UA Ij.^tl JJLx. £_ Laf .(25 _ 3) (_|=xA!L Ociisjll Zj-uLuaJI aUeJvVl 2_ tiUij 

K-SllGI (jaijjijj ALa-uaj 3v$JJi3 4_jj^L& 4 i -i 1 La a I t j_yuAj3 A uajla 4 La i ul aj Aji\ i h^ 4jJl*j Jjjvla jj^i Ci-ljiwj) 

.<b yj-o-mXI JL>JI £>c CjjjJI i La » i a «-iLjj Jl -" 1 ^Ja-C.LuaJ' fLJ3 J I LuU- CjjjJI j'j-«L> r < "0 Valve 

3 Lt^=l 1 1 (JjiaJLJ j I tilIs iJJJlj CjjjJI HsLiisV <£jju 4_mJ La j (OjijJI ^jTn-u-a <L2j_*J, (jLjJ 4jvLvj a jLJeTn.uJj 

. Juj_uJI i Laj i ua <. i> ( ii i La » i a Cjj><j OjJJi ^Isajv i La » i a JJaj 4.JL>JI i)_LA ^_a 



^■ii 




J| ii 



ujjil J;*' 



lujjl pLbd 



<s//////&/////my///MP/y//y^^^ 



^iLjIaJL o^ill (25 -3)Ji 
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>4Jjiu^j Jiic jLJLcVI 2— Jl>-1j cr'-J' (J** 3 9-*-'' (*-*' (J-* 5 ^> J -'-'' ' „ ' "0 ^- a ^JLcLoia Ci-ljvIj) Cuj\ ^yz " La>j '"«" 
AjjLslIIji [ftla-LlI ^_ A^ajL3eIu-aXI CujjJil) (Jliajj Jp-iuja .4_t*aL». ^ A.^s i <J1)I vicJ,' a t <LaLc ^ A , ^ \ JuivjUJI <J1)I \a_S 

:4_jJLi!l (_yaJI <^-»-tl j^a3 (j-a JljV LAjLllvI J_Lcj < 4_jjJl*J.I <JlljjijJI (j-o 

.4_jJLc 3*.Ll=3J 4_Hjl_S 4 A.^i jJj^AJJ (_y5L-f OJ^~' Cj'j-j' iJLv ^j- jj^"~ '"' (.$1 ^J^l J-IJ^— • II 
. JlJp_Ll!l 2 JjVJ £.l.il (jyic J-^p (_l-ilj-llu J I 4jjJoj (jyic (_£j!L>lJ VI ^-(-^o _ 4 

■ l_£^c.j (Jjl^ta (jj^J=l1! 4_JbL5JI LJ jj^~" '"' VI u>j _ J 

• * ^"*J a l^^^J 4_Li2j LJ jj^"~ '" (jlj) ' i - <: ~ i LUll <LojLiL<5 jj^"~ '" (jl v^J _ 

.(_jiajaic_L<5 jL><-i LLaJt-La LJ ji^u (jl <_ <^><J - / 

.4_u-ul_La 4jVJ)jJ LJ j)J*^~ '„' jl V 1 -?^ _ 

( JiJi-uJI i La-> i ■■■} paj L^uia-. x-iisaj (JliLu^a aj <_£jl_L<i (jL2 <<JLiaji\JI (j^j *j , ,^—> f-lajl JiajvaJ l\_kua 
Jtjp_uJI <c fc» i 4_a^^H 4_tcl_Lt^aJI (JIjjjjJI jjjo plj-il OJa-uj i ul Jla2 tlL! Jl=i i La <~ I >IaJ I jljJoj t (J-tA-iuTiJI l^jjjJoj 

.(3j-«-*JI Jlj^-uJI 4_t^L>-j < \ « A"j 1 1 j Ijuv 4_tiajiic_LLI 2jlj^>JI <J1jL>.j^ <Jljli 
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i^uaiJujp7 -3 

tlilj Jij^-uJI iXajL-uj a I JlJcTh-u I Jiic j 2j JLls3.1I . U> A I j i >» 1 1 3 I ^— . II Jjj_uJI j_l3j!u -SjLlM (_i^e_uJI jLc. ^JjaJ 
I|_j .^LLL '"»IMjU , „SM (j^jjjj Ji£>j3 i_J Lajj tiJUi jib i(Luj-o^l (JlLa ) Sj LaJI Jj£. ^ * A"»j t 1 3jlj^»JI CjLvjJi 
ajj^j .CjI^-lo (_j!I I >-gaj| OjJ-M aI JlJcTu-uI l_J Lajj 4_j^_^=jJL! i>_SjLLaJI i La£ lj LeaJI 4JLifc==3 (JjJuIuIlJI t_3j)j_L3 ;J^*.' 
( flL^j jl £.LLLj JiJ^JJ ' aJLftj Lai OjJ-^ ^dhH O^""" 1 1 'J 4_*_u^aJ,l 4_^jj_ 1 iJI 3 La i ul^j CjI.SjjII tiJLJD ' ^J'-^j" 

.sj-jljJI ^_ Jijp_uJI i La-t i ujj 

t(3 -3) Jli 

. 40 (^ ' <ljIi=3lj BjIjjv 4j>-j.Sj 4 L^ j-LTe-U BjIjjv 4^>-J-S Jiic (J-*AJ rvZ.Z (jjj^S aJlJcTu-uj ^J-^ ALLaj 
4_l!1!L<5 i_3j^ia (_>^3j-2 ^yic i La A I i b 1 1 4 J j I La 1 1 4jvljVl £j\£. . 80 /0 4_uij*^»JI 2^1 A^— tlj 45 1 IV a I LaiJI 4 * > u 

.id O J I <— ijre-i.u.U jLiJI (j^ 6 -^ '^-^ L-* 3 

:{j\ J^>«J rv - ZZ 4_Laj^i.j (Jjl Jjs. £ya 

T e = 4+273 = 277 K 
T c =40+273 =313 K 
T!=15+273=288K 
hi=285 kJ/kg 
h 3 =h 4 =127.7 kJ/kg 

Qe = m R (h 1 -h 4 )=3.5x45 

^m R = _&_ = 35x45 =1.001%/ j 
/^-^ 285-1277 
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Vi=0.043 m7kg 



: ( 1 ) SUs;tl jj^ (p-h) U^j^ j>o 



7/ 



Wi? V 



vo/ 



F, 



D 



Tr m R v, 1.001x0.043 „^„ 3 , 

■V D = L = = 0.0538w 3 Is 



n 



vol 



0.8 
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3^^IJJL^I 



SL3jjl.il Jjj-La (_i.i.a>. i La g I j ' ia 1 1 f-l^jJI La I _ 

SL^j AJ-23 L-i-i=jj S Lfrfljl La j Laj S (^J-SpJI i La g I >ial! 4_l<-uL-u^?I *.ljjv^M La Z _ 

5 \.i»"tl ,UI:,^Wl a I . >v. ...I J! (^jjj (_pJI <_jl_u^Vl La 5 -3 

.3 Ji^ljJI 4_JujJI (_£J ^IjjjJI Jag I >iaJI Jt~ ^jj Laj 7-J-"! D _ 

.SJlvIjJI JJLvjJtl (_^i (Jj £=3 j 1 1 ij-LaJI i-LaA I i a Jar 4jj_LaJ rj-«il ' ~0 

S^HL-ujLiLa 1 2 . rtjUoi Ml ^j";^— LI jlj if^o ^ ; • ■■*' CxJL^aLil(2 _ 0) JLJ.I J^v JLC? O ~0 

50°C t_Lu^o]| 3jlj^ ^.jj> e^L^j R-134a jjjj.3 *l jl^J <JU» 4. (3 -3) JL4! J>. Jm! 9 -3 
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( iSjaJ )dJj£lluld**j(&J 



^i^Jii 






./ 100 A-i.i.aJjg JJ^— II jLSjVI J I <_jjJl11I J caj (jl (_>_->o 

: ^LxJI^JLftJI 

.AjLJeTn-u-U J)-. "^ 't '-'-' :LV ' ^"^— 1 1 1 jLllvI 4_jjaj^=3 liJUjL^ij '"" A"^— . ^It i. A I" ^- 1, 1 pljj^l ^J^j^. 

.*.I^JL fi^iil '"'I A",^— lt 4_a.bje.ll f-l^^/l aSijjla ♦ 

.^.Ij-JLj 3_^_JLI '"'I A"-^-i t I jLllvI 4_Jj__t____l <_3jJU5 ▼ 

.eUL fi^iil '"'I -l1-=- »i! ^LailseJJ pl^jVI i2jJt-<5 ♦ 

.*.U,Lj fi^-JLI '"'I A"^— . t I jLllvI 4-LiLl^J ibjjuj ▼ 

C6, C7:^>*^lj»mi 
: 'ijtJL^JluUlkl* 
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uu&uw 1 -4 

*j"'^"-\' j^jjIIj Jij^jjJI BJjv^j tla_ij>iil *_jLtl Jl «GjIjjv <^J-i ^- (jyic^/l Jijj-uJI i La-> i uj (j-« 2jIj^>JI 

fi^Lcl (J^ls (JjLlxlL! (^jjJI Jl^-uJI ^3 d ^j i ^~ i "j? j^ 6 -^ j^^^'ll ^-!'j| < ^"^— ■ 1 1 (_)}i.i- c*-^l9 ■*■'-*' J^ *-lj«JL=3 

.(1 ~4) J^- 4 ' / lf"~'^"j L 3 ^LatjLJelcul 



^jU^ 1, ^?-J J 







j'l ...1) . jjjJl JJJJjN 



Sjljajl JUljl »!— ' 



CiLa^XUbTCl -4)Ji 






m = 



0^ 

cAT 



• AT = 



Q c 



mc 
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JljvjjJI i La-> i ua 4._ujj==j :1T1 

4_lcjJJI 2jlj^>JI :C 
Jjp_Li!l i La-> i "j ijljjv 4^-J-S pLajjl !A1 



'it '" ' " "9 


Btu/Ib °F 


kJ/kg °C 


*M 


0.24 


1.005 


*U1 


1.0 


4.2 



^"J- 5 ^r P^J^'j *-^i' ^j-i^^ •> • > ■*>" JLiiil J-Li-i-u ^yic 4_jJLLlj^_l!I 



m = 



AT = 



AT 



m 



dll JlJ>-jJLj 4_lCj_l!I 3jIj..>JI £yC LuJsj^llijj 



m = 



AT = 



Q« 



0.24 x AT 

Qc 
0.24 xm 



: (JT JLi!L^3 «GjIjjv "^J-^ ^r p'-^J^'j *'_9»J' ^ J n<: ~' r* .' ' ^" 



t^i j^lAJI ^ic cfm a^jWt-xjL^qi ^ jl2jl *i_^ijj gpm ^VjyujL *ljj <jL>caJi 
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Q 

gpm = 



cfm = 



500 AT 

Q c 
1.08 AT 



t(l -4)JLw 

jJt Jlj>j1!I oLl/j fijlj^ ^J-i fj-""j'j 150000 Btll/hr _$_& *UL) .ij-LO < afi^a * Cy l£. JajJI <jL==lil 



tjall 



Qc 150000 , n 
gpm = = = 30 

500 AT 500x10 



t(2 -4)JLw 

17 eiii ^Lj>" Jjljwj 120000 Btu/hr y* *UL> ^ l-£^a ^ J^ji oL==lj| 



= 14.118 °F 
500gpm 500x17 

t(3 -4)JLw 



AT = ^^ = i 20000_ = 14 _ U8OF 



sBtu/hr JL cJiii==xil J-*jv L*a 12°F j_& ^j^h-^' "^ "^j^ ^o-* 
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4*jI>!I tl?$i\ J>»205 QataM 




tj*l! 



Q c = 500. gpm.AT = 500x36x12 = 216000 Btu/hr 



:uLi&l£ljil2 -4 



Air Cooled Condensers *1_^JL> sjjJH -jU^U - 1 

Water Cooled Condensers *UL> i^JLI -jU'^U -2 

Evaporative Condensers ^-p*.-]! _jL____L1 -3 

^USjjUIuU&I 1 -2 -4 

JiJj-uJI *JiL<a ( ^j"'^" - '"' (_j!| LjJl |_^3 '"'I A"^— . q II ^^yjvjLJKjl •»■ La i — II (jyic '"'I A"^— . t I 0JL& ^_ (_£jj>JI *-l^«JI J-*-> 
2_ J 4_j_aL_j 4_«-J)j-« aIj__L_.I 4_»lj_i (f 2 ~4) J^— _. 2_ Lc_= Lj^>- ^-Ij^l 4_=jj>- LiTiuj Ju2j -LglaJ-S 
4-*J— » *.l^4~ ^L___JI ( 3^>llL>~1 (_i.-i.uj *-l_^JI <_=j_w a—3 j] .^£j_l>JI (J^jsJL 2jlj_»JI J — J " aJLsJI ojui 

2 -4) J_=_i 2_ 7__3j^j j_* U_=> < (j-*JI J^_>JL) 2jlj_»JI J-C-j aJLsJI <> jla _L_3 2jlj_»JI 2jvjJ> t_aM_i-l 

jj_j^_) ( -r t J^~"j Si^j— *' — jL>-M— J' (J—^ 2j_iJl__JI Jjj_uJI _jl J_wj x_a j— *<JI *•'_$?-" Ohi>— u — J— ill— — >-a aJls— 1— — j 

4j>-M— J' ' — L>- ( ___llj *_ _3J ^_ (___=3j3j L__L_j I g-tli C (___=jj,l L-l-uLj^l (J_a j) (__*____! pJ_L 31 (jjO 3_SL_ (j^J 

.LiujLV 4j>-^li!l i_3^L_ (Ji-lji jl ____=laJl! 4_i^.jL>JI •> La — .VI <J}— i- Lu-ufj *lj*JI i_=j_»o ?t-3__u j_b a 2_j 

I JlJvjjJI (_ J I Jl_4 *_« (<J__»Jl *l a-JI (jLj>_u — jL__=_4 aJls— 1— — Lq-UJ 



. c m— ~ 
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'Jr 11 £3>* 



JUj-iUl i_Lsj_i_n Q ,Li. JLrf 




-l_9,JI Jjij 



jU|_pJ| ■ L-^j ■ »g ^_3t_A 



(?) 



1 ' ' > L *' J »«»*»*»»*■> l I 
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r^j^i^j u)[ ^j-l>JI jL^oJI (Jlili *I^JI 



i >l a '*— — ■ a ' djLLLiaj 



6 s=1 *i3 



icjj^>lll (j-C-lUjj 4_jjjUL^J 3JlC.L3 (jyiC- . UM <>» tl J «GjVJ)J_« «_<5 ( ^"^— . t I *-U2JJt 4_!L><JI oJui ^_J 




3JlcLJ3 (jyic ' . i ■ i -— 'j a ' ^"•^-- * ( j - 4) (Ji 
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;Jac.I LtaJI (^ja Jlaj (j-£- * ;^~*J a f I^JLi o-lj-J-^ CjLaH^sua 2-1-Z—+ 



Jl*j ■* a b ie a (j-^sLal ^_ I g * i a j 4_ul ^— i "* a I JlJcTu-uVI 4_«_t.ulj Juu (j^i 4_u==ijJ,I *-'^(JI ,",1 A"^— . ^ j r,»" 



4_>Jl*jJ /_)' q-& 



LLLLmja (_i_l: 



^ fj^J o^ 1 J^' 



J ' ^"^— ■ 1 1 *_ub a jJ_*.3 i La e I - ia L! ■ jl ^— i a ull^I sLll-w 



t^°J 



J4- 



.(4 _ 4) J^~ i ■"■ ^- Tc-iis j-a jji I -I*—' (jy jvjL>JI *.I^jJL ' ^"^— ■ 1 1 



w ■ a ■"' aL&A^ 




(JT J-Jll (Ji'l^ #.I^JL fi-^-J-a ( ^j"^— ij cJlvj (4 _ 4) J^— i i"i 
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iuuus 



Jlsu (jyic 4_jjIj»JI '"'I A"^— . t 1 i . ,^^—,j~\ Jj^— i i 'j ^^— ljjLj i - » I i LaJL<ial! j iJt-^a ( __)l3LA_> t j| *_/3 IJljjv 4_li^3 L3jJ I 
jL^ tiJJi ^ylcj 4 * A"»j 1 1 Jj^^l a^l '£_ *.I^JI S'ol fc»;t Ijiij Ji_j^. js. (_sT (jyic J j ■ a se 1 1 <JLc c-jj^oLa Jj£. 

.4jj32l (j-<5 Ajl^ ( ^-JJa " (_j!J L^jLlLcj 7^LL>iJ 4_liJj J I 3J.C.L2 (jyic 4_l£=)jJ,I '"'I A"^— . t 1 

1 1 rv (j_a Jlj^_uJI (— i uu-uJj 4_AjQit<3 aLa-jvI dsli 4 A I" 4- « '"'I a-t-a calb 3j^jILa 4_jjl^JI dil A"^— . t lj 

Jl 7^LL>iJ Vj < (_ya-p»j Lfej-<-i-uj t 1 La-> i uj Li*.l.sl ji jLiTuTliVI 4_<_t.ulj 4_jjI^JI '"'I A"^— . t \j .Z*\j\j IK (jt Io-j 

(j\i ?-jljlJJ Cr&3 UJ^L^ ^'^l^' ^-J-" 1 J-* S^'Jt^' '** ^"'^~' 1 I *-'-iI Cr^ 1 ^>i5^ (Jj8I_5*jI (a-&lj 

.cki-L^u ^Ui-oi jaf £a *b? ^»1 (^ jj^aaiii (2.5-5 m/s) 

:*.I^JI <cjujj 3-1-2-4 

. . , , , . _ . Air Quantity (cfm) 

Air Velocity (fpm) = 2 

Face Area (ft ) 

Air Quantity (cmm) 



Air Velocity (mpm) = 



Face Area (m 2 ) 
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uljylL "oj-dl ol ^^t,l jLu^l 4-1-2-4 

^.j^ o^> (Temperature Difference TD) ijij^Ji ^U.jj> Jb-a ^ L^L-J i^,,, <_i2j2Sj 
^Ij-JI ' ^"^-- 1 1 jLjiiJ jilfti ( ^"^-> 1 1 4JjSo iJiij>J ^.l^l! i^LsJI 2jlj^>JI <L>.j.sj ji£j_uJI *JiL<j < ^j" , ^~'" 

<>j Correction Factor C.F ^p-.^'ti J^L«^ j>j^j ^ TD ^a^l sjij^Ji ^U-jj> jjjja c&^ 

:4-!.sL*J,Lj ^ La »" (_P-!I 4_xjLi-u->JI ( ^"^— • 1 1 4_<_!.uJ L*_u ( ^"^— ■ 1 1 jLlcwIj •»■ .tse uaZil] (Jjljuv 



:tfUL 2jjo1! ciU^U 2 -2 -4 

tfLi/s j-2_j3 4-JLs. ^_ jJI^jIj yY KW J jjjO L$JjJiJ2 7-jIjHj daAljjJs *_/J ?.LJLLj 2^_lII i"il A"^— . t I a JlJcTh-uJ 

a I JlJcTh-u I J '^"^JJ? -<JJd>^' ^- a (J-"L5t-iJ' 0^3 LhJ-^^I f- ' . <-l '^^ (J-° '—'-ulJl (j-a 4-£->H' '"'I A"^— . t 1 *_L^aj j 



( c ■ '*— — • u 



.(<jj>aJI j-^-ij-li 4- 3 ^j j-^-j- ) -0-1 L water /s/TR 
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f La!1 ,';'^''"' aLa«d 



(Jj^^iiJi ^i ^a|j f.u 




i*a*B <j^ JjL f-La 



4_^jlii1 cJijiL=il!l BjjJi (5 ~4) Ji 



2_ 3 ^J2j *_^.j_a) .0.2 L wa ter /S/T.R jLj>" J-^*-« Jiic 4-lim a <itV)>U *1_s? (j-<-aj^! UJ^-'JL? ■(" ~4) 




jiUJl jlill Jiis 



iuai Lji/.^-.ti 2jjj (6 -4) ji 
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jjk I 0^— a ,jLjj_<jiJI J^~ 1 "■ (jj-l-C. 1 La » - ia 1 1 I2_ (^^LiiaVI L-k2jjj^ .<_i-uLJ}U <JLiIjLjJLI JJlC (jyic til! Jl=jj 

.(/ ~4) J -^ mi; £=_ii=J-3 



i'_aC 




pLdjl ^J"» s a 



S U1 



T J^-** 






^.Lall jja*l 



^.Lnii ^^ la 



ClLa^aJll 4- *UI Zjj-> (7 -4) J^ 



M$jljjJt (jyic tfLj-a «JJ-i ((-j) (_yJljj]l (jyic oLj-fl «JjJ (l) 



: Fouling Factor ^Uo3^l J^U* 1 -2 -2 -4 



(JILcJ .slj-1.1 tfJuij t LaL-u *.U,I ^_ 4_>ljiil T-^La^l (jiaji J j . , „ljt I ^jljjjv ^£- L. i i i^pJ 0-2jJI jjj-^j 4J2 'oLjJU 



(— fl-ui 



ajJI i La » lis .sljsj-jj (jJaAse-ib Bjlj^sJI (JLSjjI (Jjut-a (jLa ^QILjj <2jIj^>JI (JLSIul 4_JLaa] AjjIjjs. 4_aj 



. (0.001 m 2 °C/W) ^Ij*. ju^I ^IjjI tfLwj jjJLI oU^-L^VI J*U* 
-94- 
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^UL. gjj-dl oUVmi ^f 2 -2 -2 -4 



:4_jj^I pl_jJVI Jl *.UL S^_JL1 '"'I A~,^— 1 1 ( *r,,^~ jj^— ^j 



.4jJ_uI (_)i*l-S 4-J^J-lI ' ^"^— ■ * 



(— dJLaj (_3^1.C. ( ^"^— i * 



.(_l-uLJIj 1_3}1.C. ' ^"^— I " 






■L^jJI (Ja^l-i 5jJ-pt <_aIt^=MS 1 ~.Z - Z - .Z - 4 



ill JlJi-UJl (J-sLl-U X-JlASXlJJ (jl \j>- 



( d <*— ■ i 1 1 
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Jjjjjj^ tjLs jI»j Ji*- 



£ 










1 JSS£*31 -*j*^'' ,*-*'—* T j^a 



jj^jj^'i T_i_rt 





F Uli 



f Ul! Jjij 



-^ 



P 



<Uj_u! (Ji-l-i *4>^ ' ^"^— a (o ~4) (Ji 



(_iLs« <_s^Lc. ' ^■" <: ^ * 2 ~2 - 2 ~2 ~4 



Lgjal JlJcIL-uI <Lul ^~ i a|j CxJ2jJI (j-u-a-i ^- ^jlj^j ( ^"^— i <\^—* L^a I JlJcTh-u I 4-tJl ^— i alj <(4-3tj><JI j-<-'-a ( _ y A (— kLaj 



' fl-daJc 



fHii 4* 



j ' I -~' j " i— aLaj l-£*)Lc. '"'I -V'.—-' <\ ' a_Ja-Ij < - » ■ ^» ' j .ajjvjjl ( a ^j" J_Lc 0LJ.I 2 j a - gaj 
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JUjiU 1 ! Jo-Uj j £ jjdk 




X 



M j_^ 4 = r^" i ~^>- 



JJjjjJ 1 ! U J . j j iJjijl 

L-LjjJ ;jji.J 




J^ 



!_alaj L-flMc i ^"."^ * (9 -4) Ji 



Shell and Tubes Condenser t-uAjfj i_a}Lc. ■ afi^aua 3 -2 -2 -2 -4 



<zi[h\-uA.\ (jyic <LkiaLsLAl!j (_i_ulj^l ^jL^J Ci-uTll! cxLuaJI ^ya ty\-u2ij£ ^*<W1 



i "il A"^— ■ 1 I ajLSelLmJ 



■ tfl— t-qJJ <-l)ljl i u U (j_a (J\Jua .SJlC j_l2jjJ jjvlj^so (jlj^jjt^s ^jLsLAJJta i_3^LiJI (^yXjLs. (jyic Ju>~jj^ .i_<-ulj 2 I £j-u 
MjL,..Vl i_a}LiJ1 £-LJ3 *l JLJcTllJ J^-- qj j .Jlj^jjJI Ays (jLlLaVl l-sVT J I 2 TR <j-a rjl>2 4 1 ,,i I§_ 

I ^''^--^ (jy i=xJI 2jlj^>JI (JLSlJl (Jj-«j5 B^Ljj oLJU ^cj-lm fi-iljj (jj-l-c. (J^ju L^J^ (jLiljLtxJLI jjlc B^Ljj J '^jl? 

( af^j 1 1 i_xJjLJ? <J}L>- ^Ljil (jL^oJ 4_aj>UI 2jJl2JI fi^Ljj J I (^JiJj 
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Li 




v a: 



jJKl^». 



\. dzzi 



=F 



3 



ff- 



f r —. 'v> — 



JE 



V i / ■ \ iQ 






" V .in J U. .. 1 i^*\ 



^y-Jl 



5Pnt 






.^^Jl^ ''^'' lj*j^ 



l-4jQ!j l^^U, < rt*|g-i « ( 10 -4)Ji 



t^Ul£LtftttjLu*l3 -2 -2 -4 

4jvjJ j t Jl^_uJI 4-*-<-u : (j-a (J=3 JljJlj>o l_. c>iJ '"'I A"^-i t I jLjHi.1 J_ul2 Z.J m/S (j-a (JJ2? (_i-ulj^l (J^i-i- 
.t-Lujjx\ {JjaLsuij Jlj^-uJI tfLj-a T-3J^*~3 cl$*"-^ *jl>*" ^JO"^ J " ^J l ^~ 1 '* 1 ^ 'Jlj-*- ^**J-^ J tjoae-ujl BjIjjv 



2L^uI}|uU^tl3 -2 -4 

j ' ^J'^~ '"'^ <— d-La cA' 1 ^-"O -^'-*i9 L£h L *-P^' ' ^"^— 1 1 1 pLa j^i #.1X1 C-AJe-mj J .(—i-ulJ 2 1 (_)i~l-S jLit-iJI <_i-Ll=xj 
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(J-i.aJLi.uJ (jJ=L^JJ (^.LJe-iTj I ' ^"^— 1 1 I (j^j <Lvj)jj». Jiic *-'^(JI *-« "LjJLI ' " ' \j La a (jLj^_<-u *_LaTLl (^gj-LTe-JiJI ( ^"^— 1 1 I 

t^LUL^ l£«*^I <-flVMI J^Li. cjLJUaJI 

( aJLtl <—<-ulJl (Ji-I J Jijj-uJI i-Laj-i "j ' ^j"'^""" 1 "' _ -I 

( aJLtl (-.i-ulJl i_.Lc.i-u <J^L>- (J-Li^ajUJlj sjlj^sJI (JLSjj! ~ L 

?.Ij-JI (_,!! *.Ltl (j-a j -ls & jjJ L 2jlj^>JI (JLSlul ~j 

4_l!ojJI 3jIj_>JI 4j>.jj (j-o lJlA^xjJI 4jvjj t—iljlial Ajj-iit-uJI '"" A"^— . t lj Jljj_l1JI ?t|^jI <Jlilj_i^-4 o-^j 
lJlA^iI!! 2jIjjv ^-*0"^ U^S 4JaLj>JI 3jlj^>JI 4jvj_S <j-« (JJ2l 4_ilajJI ijlj^>JI 4jvjj (jl li^-p-J *-l^4i! 4_jjIJl1jVI 
d ^ J " J^i ' "J^ ^£J' _C ' '— '-^LJtl (j-a ' ^^'^~ 1 **'^ i— aJLa «_u^ajj .4_jjl^ ( JI '"'I A"^— . ^11 I gjj . La ' (jjfl (Jjal ;jj^~ '"' 
'"'I A"^— . 1 1 f^i j -: - ^>" ' a ^J**'J J .<— iJLU (-.i-ulj a ( jy jvjL>JI pg-La-mJI (jyic i-LLapj (jr'J' jj-ifoill (j^J (j^aliellJlj 
icj_<-uj 4j>-j)j_cJl! <Laj}L!l BjJlSJI *-'^(JI icj_<-u (jjo Jl=»iJ J -"LjJLI j £ W^ (J-° (J^ 3 OhO"" 1 (J^*- Cr^ 1 ^H^ 6 -"' 
sjJlSJI oLlII (jLjj_<-u (JJlsuj BjLjJ (JjO Jl=»o J -oLxU <Jljlj^aj2 (J-*^~ *-LqJ <_jJ-J'j J-^J-^ <J^>- W^ 7~j.q-i. u - l 1 *-'jJ' 
<JLjl>^3J L^IujlJLa J_Lc ^jLt-LaaJI 4 Al^— ." pLfljjl Ajj-iit-uJI '"" A"^— . 1 1 <_j^j_c (j-aj -^Lx^ A "~ '^ 4-<aj}L!l 
4j2L>JIj 2jL>JI (j-^jLa^l ^_ ( jr cl_u-iiJI Jjj_uJI 4_s_kul *_^a Ajj-iit-uJI <_j LaIii=xJL I a Jls&j-<-uj j .4_jjI^JI '"'I A"^— . t 1 
(Jjis^J ^Lj^JLa (-.i-ulj 2 1 jLuijJ (jL^jlilLal 2j " ^> 3 ( ^"^— ■ 1 1 (_<_u[jf CjjI-^3 jJ 4_»^Li.j (MJx/j O^'-dJ^^ 
jLsul (j^3 vju^al (jj*~— ■" Ajj-iJcluI i"il A"^— ■ 1 1 (jLa Jijj-ujI 4 t 1 u ^ ■■ A « 1« .^Liu ejvxil '"" A"^— ■ 1 1 a I JlscIL-u I 
(JLSjjI (J^iLs-a (J2 cJuLcj aJlJcTli-uj Vj (jjjLstjJI j| t_J LaJI (j-o ' aj-l^=Llll diLaJLa ■» '1 < ^»"j .4_xjI^jJ I '"'I A"^— . 1 1 
Jj Al-<.t I ^■Lt^aJI ?-IjJIj (_J-LaJI (jjo Ljljj (jjo (_£^_iic_Ll!l ( ^"^— 1 1 1 jLLal )«_u^ajj j '.'^~ l ^LaU 2jIj^>JI 

(J «^»" ^-Jp- .Ajjjjx^j j I 4jJ-^jj_<3 Jj^a r'j'j^ 5 ^ La 1 ul^j (_£^_iic_Ll!l ( ^"^— 1 1 1 (J^L>. «L«j2j jf *-'^(JI (_ire-<-u ajj 
'"'I A"^— . t I JlSj2JJ .(^LjJLI ?TjLi- 2jLc 4jj_lJc_l1!I i"il A"^— . 1 1 *_j5jj .ZUU 1 IV (_j!l 4jj_iic_Ll!l '"'I A"^— . t I 4ju-u 
)«-<5 ^>Lxa ' " ' \j La a c-cJe-i 11 '^LJll (jjo *-j^>- j-ije-u 4La=_pj i Jjj_uJI Tt'j-jI cP- ' ^£jW^' a W*' L>° A - n ^~~ l ^Jj-^g-p-! ' 
aLo-i^j 4 La 1 ul^J 4jJlJl1!I (*JJJ a \ j ^ A t I ^LjJLI (_jiaj^jLj aJJj I jJ . (_£^_iic_Ll! I ( ^"^— 1 1 I pL2 £yi ol-ji.1 4 j A , ^«" j el^JI 

.^LJLI (jLjj_<-u ,JJl»-<3 (JjO 4 /O jjJjv <|_ 4_aljx. 
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' ' JilJ 



->-+ 



S2I5I 






"*K H jl Jt t- — 



JilJfljt 



— ' ;— ?L* 




^gj-LTe-U ' *~^— < 1 ^ U^iU-n. i rfU-uJ (11 _ 4) (J* 



: ^is;i!^iu3 =4 



(_£jj>JI i La » - ia 1 1 (j-a (JS! i La » i a J_Lc (J-<i-*J j-se_Jj (jl ^-ilM A"^— . t 1 t »_<^je-u^ Jij^_uJI 2Jlvj J I *-I^Ji Vj - ' 



.( \j ~'^—< * CoJlscIa cjIjjv <^J-i (jj-^c (J J t^a^ell tiJU Ju=j «UbJijj Ivl 1 iljljJe_u5 (_p-«) 



: jj\£.jj J I I ^j'°i (_j^C. jJ, I j_lC (JliljLiJI ' a '« i ,ajj 



jJuuaJu <_iIL=m iljLJ^=3_d <jL^1 (jyic (Jjwljj s.U.1 jL>«J (Jii-« < tu^aui! 4JbLJ3 iljIjLc. • 
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Refrigeration Capacity= 5 TR 
Compressor Power= 9kW 



t(4 -4)JLw 



: 4_*3V I p Juj LaalLlI (_3j)j_L3 Jlic (J-4-*J (Jj1S-<5 daALis ji ^dhH < a '-^ 1 - 1 



( ^"^— 1 1 1 ^_ a \jjj La 1 1 <sjlj_=»JI ^j-:^— ' clul^ 



:J*1! 



:4_t!Ll!l 4J.sLsJ.Lj ' ^".^-.tU a \^j La 1 1 ajlj^JI ^ La «" 



Q c = Refrigeration Capacity + Compressor Power = (5 x 3.5) + 9 = 26.5 kW 
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4*jl>!l tl?$i\ J>»205 QataM 



.*Ub Sj^JLI tnUV=-ill ^1 j^=il 3 -4 

t (— aJLaj i_3}Lc i ^"^— i a i 4_jj_uI (Ji-1.5 AjjjjI ( ^"^— ■ a %_»isjj „ „ ' N ^*** '" f^-^j' ^ _ ^ 

(-.i-uljlj i_3^Lc ' ^"^— i a 

S( a I a j t_a}Lc '"'I A"^— . * tlj|j_La-a La 0~4 
'"'I A"^— ■ 1 1 ^j ..j A" 2 sajuiis *•' 59 < ' ' ' "II ptjiiaa 0~^r 

^IjjJI ijij^ ^.jj> 2_ ^LijjVij 121500 Btu/hr^A *i^JL> ^j^a. ^^a^j^Ji jL=,iii7 -4 

S4jLJ2_s/(_i_*J=Ll > l aJlSJL Jl^_uJI i-La_>-i -j ^jLj^j-u (JjL»-a Lai ZJ r <_jjlLai.l 
(_LaJv (jL=! jLa ,?.t_ajJL ^_uj ( ^".^— a ^yic ?lj|JI jL>^-" J^*-o jA SJLjijJ! 2_ ''«^— a ,»Ju2 3000 8 _ 4 

s jl^i ^i^a ij\js>~ ^.jj> 4_ ^UjjVI l^ 64800 Btu/hr _ja . ^^t,i 

.8.1 kW ^a cLAL^u ^aj>Ui zjjLiiij 4.9 TR ^ ^jl^i 
L^ 4.3 ^A^LLaiU^i^i j-aL^jL^j 55000 Btu/hr^ j^^^LkiJj^Jiij^vjL^iiilO -4 
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( (i>£j )dJj^lulJUMj|^j 



oljitJU 







./100 wbj Jal^JI tjL2j)?l Jl c-jjjoII J^ugi t_^>o :3jU*J! 

. <— iLt-i-uJIj ALas^v^l j < (Jl ''-— < "<VI j t pljj^l J^JulLo < _ 1 I a-ua « ^"< 1 1 |_j_u dilj^c-JLI ■» '1 < s>~j . Jijp_uJI 

J i JiJp-uJI f-jL*J "j-^^*-^ ^ij^ 3 ' AjjLJujVI I j**'^ A J ( LgjLal JlJcTli-uI Jl L*_u CjIj^c-lII ' d ^'' ' j3J ,j^~* ' < 'J 

. JlJp_Ll!l JtjLa ^_ p^^'ll 4_2j^i3J dllj^C-JLI (J^li- (JjLjiJI jl *-LJ' (jLjj_<j< 4_2jij_L3 

. Jij^_l1!I 1 La-> 1 "j ^jJ^aj 4_Sjj_LaJ Lsljj dsljJtjJLI (j-o 3 a 111 3e 1 1 pljj^l A^jjla ▼ 

.*.I^JI JiJ>j3 CjljJtJl 4_a.bje.ll p-l_jJVI 4^j_*_<a ♦ 

. f. \fyl I JiJ^JJ c_J lj_S-_l_<5 jLllV I 4_A_Ll____l 4^j_*_a ▼ 

.(Cjlj^_(ll) (JjIj-l-JI JlJ>JJ d.ljJe_ii 4.1bjell pt^jVl £2jjt_<j ♦ 

. JiA-a-_JI 4jlJLj JjJmi ibjJUJ ♦ 

C6, C7 t^>*4Ulj»mi 

j — ( -u-t-=-il!lj Ji_t>J--ll 4__I--3 (^L_jjL_<1 :di1jjJL<j jllo-l Ju2 (J3_=-u (jl <_jjj_lll ^yic (_>_->ot SjlJLJfcJluLdlal* 

.cJl_LJi___3L_jlj Jl^_l1!I 2— j«J_____»__J I cl-l_Lt_ll_i_ll J — lJi_LJ____L_JIj JlJp_Li!l 4_J_L2j ill Lj__u L_-U I ('Lijj) (JjaJUJ 

; e ^ DLL 4 : uJ)i2Ug3j2tia2»ll 
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Methods of Refrigerant Feed to Evaporators uIj auU iJjufl ^U ^U&u 3>k 1 -5 

Dry Expansion Evaporator l^Lx ^jLfljjJt^ 1 -1 -5 

(JjLji ^fJ^tJ ;JJ^~ '"' J ' 3 j a i a ^_ <-j3j-« J (jLftjj=j I g-La_lj.J 3 ^j^clum-A (_i_uLJi (j-« t ( 1 ~J) y J i ~~ ' ""I ^- I o^"" 1 
4jJl*jJI j-« (Jjia^l 4-J a i qJl 4jJl*jjI a <-^ljj[j i ufl as • II .SJlajjI aL»ia (J^lS- j_a ^j' a i ■■ al Ajialc. Jij>x1jI 

.JaJLtiajl £— (j^>Lk!>^\ (JJaLja Ajjl alia '" „ ^^~ l ' (J-iL<-uJl xjJoj ajj /^Tl^- AjJI ajJll Jijj-ujI (JIiLiLj /j-l-C- Jj>xill 



w -■ * **■ ■" jl-Ai 



/: 



jlau yfl UUI JjaS J.LJI 






^ 



-p^ ■ ■■■ ■» ■-"-' ' - '■■ " -"» 
^ ' '■ -'" "-' '- " -'•■ ™- ■"■"■ ^ 

j l .W ■» «■ Bl I. J H ...J !■■/ / 

VSr- w g . «. mi JUI TWT W! Pfr 

C ^~ ■!■■. i ■ 1 .1 . ■■ .«■# 













L^Lv JJucj jJc-lo ( 1 ~5) J^ 



106 






j^205 







Flooded Evaporator jj^Lo j^l« 2 -1 -5 

•»■ j i aaj i«1^jj>iJ JuivjjjI uhju-ua (JjLjji ^j^j vied,' 4jJl*j (^-°9 ■ 59-*-*-*' .J-*- 1 -*' ^-lUJ-^auo \A ~J) J **"""* •"•• ? = - i ^ 3 9 

LA J i^=>\ 2jlj^>JI (JLSjjl (JjUL^J (jj^BU (jyjQjL J JlJp_uJI (JjLlxlJ 4_JQ_U5 ji fiJJ^Ji^J «LlLj ^_ L-i-uLJ^I (_>=3 



(GIjU Juall) Jala. 



^JdLwJI ^ ^1**4 




a. — g, — acr^js- — » — tb — a 




1 „g„ 



,g » — JBg„„fl CSB 



_J._L1 T^L-LIM^ 












jj-oi-fl j-ie-j-fl (Z j) (J* 
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Overfeed Evaporators « julj aj jJu oli oljit^ 3 -1 -5 

Ij-ku 4_jJUjl!I '"'I fl-U-LaliJI ^_ aJlJcTli-uJ La LJLcj *J>->'j ^^^ «— 1 1 i (JLjIjJcjjs (J _ j) jj^""" 1 lZi Tc-tisjj 

(Jl '^"1 Ji^>.yU^ . Jj>.\jl\ J^C_lil 4_!L>. £_ jLj-l-JI JJl*JJ £_ p^— Sell! £_ 4_i^*J^ JlJJVjJj <_jJL*J1 LgjLjlLuajJaV 

(Jjula ^j-a JiJJJ La-a ■* se lis a (J^Li. £ya 0jjt^j2 -SL*J i^J-M (JjLlxlJI ^c jLie_JI 4_t2 J i -^ a L ^jIj^kj <Jl! I j^t-J, I 

.3jlj^>JI (JLSjjI (JjjLsl^j £yi JtJJ-J (JjI i nit 




LftLiU yfl — a-Ji 



'-'-^■'- 



J*f* 



®t>^ 






o*^" i* 1 **- 3 _<$ 



) 



^3 



D 



C 






<s 



o^ 



jJljIj AjJuij dilli diljJe_La ( J ~D) (Ji 
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Air Cooled Evaporators fl^lJujuuljJtw 2 -5 

: (JT jij <Lm-t5j p'j-^ ajMj (Jl <— i'j^-^i' y " • "I 4 -^- c -j-'J *-*-P ^'3*^' ^i)-£ *— ''j^-^ 3 ' * ' ""*"' 



L-d-lLcjJI AjLJeTu-aJJ .AjJiJp-uJI 4_iLxxJI (jauil! AjjLsJI L-i-uLJ^I dllj dlljJtjJLu (jjj^ La I ^t \j-LX.u2i L-d-lLcjJI 

Ij l > '^"" 1 7tjL>JIj (Ji-ljJLj 2jlj^>JI (JLfllul (jy JLaL*^a (j\j Jjj-aJI ;JJ^"~ 'J LaJiic 

4jjLc (_i_uLif oli CjIjJkj^s 1 ~Z ~5 

^_ (jjjLitjJI (j-aj ^dj-^ ' „ ' "J^^ LjJj^^l A I JlJcTli-u I 4-!L>. ^_ < .1 <^»tl jj.0 AjjLsJI L-i-uLJ^I <Jljli dllj^e_i!l ■» '• • ^>" 
Tc-tij-a jji I o^~' i AjjLslJI (_i_ulj 2 1 <_Hj I Is <— 1 1 j^Je-La-U <LftjLiii]l (Jl ^~ • ■" * I j . dj Lj^j^jaJ I a I JlJcTh-u I 4_!L>. 
^_ j^>JI ^jLjj-ijiJI <Jlili 3-La2-<-uJI AjjLslJI <J1j I j^jt-ii, I AjLJeTu-aJj . 4_jjj^JLv j ^ j-jjI Lea-U j Aj^ILJLa (4 _ J) J*^~ ' "'^ .' 
-SjL> #. I j-& j_t2jHJ ^gj.~3j-<3 -ij-La fj'j- f-° AJticILijiJj <*.lj^JJ £!ulaj 4_=ijj>- t_J Lalij ^-£»- J_iA-a=-l!l (jjLita 
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&.^S^^3^?Zi§^^i^£5i^«^aiSSSt^F^^ 




AjjLc C-x-ulJ? Oils <JLi1jJe_Ld (4 _ 5) Ji 



jitjilj .(6 ~5)j<(5 ~5) J 1 ^ -■^ l 4 7^>»i^U^3 t4-p*^l]| ■>U,„Vl otj^tJ ~*\.\.".a c-lj'.l l£JLLA 

^j-a (j^^jJ LTV ^d3-^- a ^tLW^ O-* 1 'jW^ 1 •>*"! Pj -1 <-^>-<-*J • 4_ajlajjj 4JU=uHi3 3 tj g ■ uJ ijJjjJLI oLvMj-M *-« 
x_aj (JLiLLvLiill <JLiLv^Lj «_a p$-<J1 lj-& aJlscILuU j .(j-^vjJJ'j XjjjjVI (j-u ^-^ (j-u-<s^Lj j-i^JJ-J 4-aj.sJLaj (JJulII 
(_<_jJIj.S j c Jla^cjJI i— 3j^. ^- <_kajL=3 4_p*jJJI •»■ La i ■■ *»l oli O I jjJe-JL I AjLJeTn.uJj . <Jl! I Jla^I I i La aa- i_ 3^C 
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(jyJJuL^J 7-jJ x_a ^^jj! (—ilo (jjo j^Je-J-a ( J _ j) (Jj 




Cr a-y ^t-i > ii jls J-^-d (6 _ 5) Ji 
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^^Jij^i^^ijli^ijL^^UJi (7 -5)ji 



iJLc 1 



.jj sj^*^a <_)Ijj^jw<j 



3 -2 -5 



4jvLtxLa is-SLjj <jjJ-C (J-**3 J 'J'J^* 1 ^' (JL2jjV Aj^jLlJI •»■ La i •■ i\ J (_3j_*j cJuLcjj isj_$jJt<J ;jj^~" '"j ' 'j'j^* 1 ^' 
cJuLcjJI j i_i_ulj 2 1 (j-u u J4- : ? , -^ (jutjO^OJ I j .4jjIj^>JI «LLajlJLa (jiajii. ^QJLj *.Ij^U (jLajJLil (jy jvjL>JI •»■ La i aJI 
3 Juvlj <Liic.j (J7 i\^>- (_£| c (Z-Zj mm) cJiJLcjJI (j-u isL^i!.! 7-jlj_u j .CjljJtjJLI *.I.Sl (j-no> (jLa-tlaJ i_) jlLa^a 

j.jg-1-q.U (jy l=xJI sjlj^sJI (JLSjjI (J^jLiL^ (_jiajiiw tiJUi ^-pJ J *-'_Ji^' Uhi> J - u (J^-*-* 3 Q^^J? (cJuLcjJI (j\i 2j^>JI 
(j-a JJlC (JJ3l aIJuJcIL-uI t_-c>o jit-ill L_kJLcj (jyic «-t2-LgaJ I ^jj^~~ '"' <UL»- I2_ I jj i La C I i^all 4_aj^UI BjJlSJI 3.sLjj 
(J-^-iTuj L4J2 ^1 JlJcTli-uVI 4jLjLi cJuLcjJI iljli <Jl! I jJc_JL I j .i-jJjla 4_t^a^j J ^— 1 1 aj^Lj j] £j\lalc. j ^^Ijjv lJuLcjJI 

.(_£^2?l P-I^j^b AJjLSiL lj-_L<.ua Ijaa- 
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lJljLc.Jj j^jJtA jJc_La (o _ 3) (Jj 



fli^!Juppul^tMjLu^l3 -5 

3 ? Laj= j <(jLg-><JI (J-cj) <LjjIj_l>VI ^ Al^-."tl j (7-Llll j_j-><JI :<_ 3 -& <^l! I j^Jc_JL I jLl_>J (jylc <Jj3jJ.I (JjoIjjlJI 
jjjr jolt *-'j*JI _j_j)iO L^V A JJ 3jIj_><JI CjLvj^ (Jj-2 J t ((JjJuIujJI ^ Al^-.") ^lLiTuTl! I Cjb ^ L--i->l J < A I k-ill 
_l)L_vj_. Jjj-Sj jjae-uaJJ Jj^jjJI Ajl_u £)-U AJa^LsJI ;JJ^~ '"' J .jjJ*_lU iLa-LtiaJ 2j__>I_LU Jlj^-uJI f-jLt »_lluTl1 I AjvjJij 
A-vL_uj3 ^j-^ aa. fO-^ 1 U i>j'j- > -'' *— ''PO-^ LiU -3 *"^yj ^ c - ^d>^' Aj__u ^j u all ^LjJLij Aula-*. 1 L) 3jlj_><JI 

. >ic_iJll •»■ La i ■■ 






till AjjlajJI ^j^ aj>> JlL*j3 .*.I^JJ S-U-mlll AjjlajJIj 3jlj_><JI AjvjJlj A_jjIjJlJI _sljj,l i La aa. jjGjj 



2jlj^>JI l-jLvjj (3j^ j-4 A-t-Li-gJiJ I AjjjUjJI <____. j3j-« (JjoLc pJtA (j| Lfaa-v^Lj j .A_jjl JuiJI .sljll (jyic '"'^Jj ka-Ulj 
a_jjIjJlJI .sljJU (j^j <sjlj_><JI (JJLi (jyic (J-*-*^ ^-P* '^P* f*-^ 5 J-^'-'-*-^ lP*'-^ ? L9f^' u L D- uu 3 -J-^-i^ ^-£^-3^3 A-LJ 
L^Lajv i_.i_n.uj *_)j__uJI (jLjj__uJI Lo-Lu < AjjIjuiJI .sljjsJJ aJ^UI Jij^juJI j-Sjj ^s r,_, La-Jl ^jLjj_luJI j .j_W_lU Jl 

a_ijj_>jJI j_uLjJ (JjL^a *'_^J' Oyj-" 1 J- u ^-' 0~\ lI-i-V^Ij j .A_J-il Jl*JI .iljJ.1 



. A_LLLUJ- 
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jjtfl J**J!u!j*fi4 -5 

4_Cj_<-u t A U"" (_pj| cliLal Jiir" i nVI ^_ (7 _ Z)) J^""" 1 iSJI ' 4_SLjL3ji,l - <H"^-. <j_>J| (Jj^jkJI <JliljjJc_La aJlscIu-uj 
i la aa- jjLlcj (_)l3j_«JI (_i-jJIj.S j <4_jJj_Lll (JLiLv^lliJI (_p-« 4_jjlju«JI ^ I j-cl! j-Lt-i^a ' ^J^T" ' (J^-*-* 5 ^ A "j ' ".' ?'j-* 

.4_> Jq_Pk1I fr I^J I J J-jg-LQ-U Bjlj^sJI <JLsLvj_5 



3jjj y-c-Laj 2 j_i_L*JI pLajjl <jL=i ji Jajlj->JI j! i_JlS-i ■■ *l (jt 1c j_=»JI (Jj^kJI CjIjJc_u3 <_i_i£=3j3 >J^~ ' ^ 'J 



tlilj j] 4jjL*JI i_<-ulJ^LI (JjJaJI fijjvjj 3_SLc J-^><-!l (J^J>iJI llj I J^jt-J, 4jJlJj_uJI 4JLxxJI (jr LiAJJ .4_J_flJL-U (JllljLVJ 




^m^g^l^g^ 





Bggg qg^«gfteifiigsgv 



As^^ 4^v4^ 



s£7$vSS$j©& 



i Ha 



sses &£3p ssas $aaa seres 



i 



£ 



j-*- J-*^ j^h- 6 (9 ~5)J^ 
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^j^icM»ui^»5 -5 



)f ( ? 10 _ 5) J^-— ■"■■ '2- L«j= 4jvjj-o ~i-kLa Bjlv^j (^j.lsJI J^»JI j^=c-j-« (10 _ 5) J- 



Jjj^J 4_mj.i.u->JL I 2jlj^>JI JjoLs-a J <£.lj»JI (jLjj_<-u (JjUL^J (_gj_L>iJI jJc_JLl 4_*_<-u -SJi-^ J .ilajLsJI ji ' kJL-qJI 

jl Jjuaj icj-cxu ju^seUi jjLiJ? 4- shIj^ji -i'jli <J^L»- ^Lv" t^ (Mj Lq-4^ < 1.5-3.5 m/s ^ L« *'_^-i' 

.10 m/s 




(!) 




•tl^ 



\ 



i^>ji Ja*j i d 1^^(10 -5) j^.t, 
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Chillers JjL-JlJbjuulj*w 6 -5 



: ^j^^j-s! 9 J -^>f j0 



1 -6 -5 






.^L^ozl (j "^— "* ^_j ^)-iIuj_i-! 2 ' LTV j"^* 1 -^ <JM^- ^dhf-*-^ f->>- a iSj^-"^ ^*"4j 4_iii.l jJI 4_^jj 2I (Ji>~l-S 





(^r^jj^j-i^ ji -^-j-« ( 1 1 _ -^) (J^ 



116 






j^205 







:<jljJ»JI Jj_uj 2 -6 -5 

j .<_j^LJ2 3 La i ulj j ' kLll (J_^ (JjLlxJI 4_=jjjv «Ljjv^jJ JjvLv <_fJI_ijij ^jIjJkJI (_ijI^jv JlvI £j-lj ' hl\\ *_tisjj 
j 4_SJLc .ilj^j (jr^ 1 ^J-^ 56 ^ 5 lP'J-" 1 ^4ihf-^ (jlj"^' ■^J-y i f*^^ - **" "J J • U.Z) - U. /J m/S £j-u 4_c.j_i.uJI ?-jIj_l2 



^Sldll ?UII Jjij 




o!j^i^^(12 -5)J_ 



117 






j^205 







(_ji>-lj AjjLsJI i_i-ulj 2I i^ya (^jjJLv ' aj a ^c 2jLlC J-&J <-^- il-ip-ill (j-a f'J-'-^ IjUk (lj ~^) J^""" 1 ■"■ Tc-tiajj 
(J^iiw f-jLlI i^j^lmj -j^>- -SJ-C-i 4 Ij ( iij *_a lJlLjj i_3}1.C. -Sj-J-a (J-4-*^ L- 4 S-SLcj C-xJ-uaJI (j-a ^ iljla 1 ul i_^^Lc 
<JLsl_al JiieIL<_u}iJ <. 1 1 iil-La -^H-^' tjufcj (-dill (Jj^- (_a}LiJI I2_ 0ju^_u -Slj-ll (JjLjiJI JuvIjjj La_Lu i_i_ulj^l 

• -S^-J-U (_)i~l-S (JjLijJI J_a^>o J_Lc «LiJD 4j£_i£. <j-aj .<_ij_iiiJI oLj-a ^4ihM (J-^ 5 *J ' * ' a ' ' 



jjryjili JLujj ^Aji 





JJ 3 - 






(Mag (_a>li. ^j-pa (13 ~5) Ji 



2 ^y. . ,. 1 1 i_ t _ulj 2 1 (j-a 4_cj_aj3ta ,j_a 1 ( 14 _ Z)) J^""" 1 ■"' 2— yz-uz^ja jji I ^=> l (_i_uLJlj i_^^Lc -i^J-a ^jj^~ '**'J 
(J^jv < jy lc (J^JU i_3^L«JI (Ji~l-S JjvI^vj jLLa^/l ( _ 3 4jL^J J_Lc ^jLvjJ Jt^JJ J -t-xiuaJI (j-a ^IjjU 1 u] jLIal (J^'-S 

I j Lu <— iLal 1 11 1,1 1 ta as. J i_i_ulj 2I 



(jj=x^J I n' i ~-' .i_3^L«JI ^_ JiJp_uJI da_jj-uj Juvljjj^ L-ijjLJ^I (_}i*l-S 0Jl^_u -S'j-tl (JjLlxJI (_£j_<-uj (jl >J^~ ' < » ' (J-° 
J^ <i 2_ L«-=3 (_3}LiJ1 J}L>. O-^ihM ^W (JjL^JIj i-.-uljVl J^lji JiJ>y]l £-jL« l£>"^ (j^ 
.4_alj£. aU^a J^jj-La <j^l Jl^_uJI (JjL-u ^gjILmja (jyic 4_ki2L>iil (ftJJJ •( 14 _ 5) 
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. (J-i I j-lxl! I Jjp_Ll! jLiTuTliVI 4_«_i.u I j (jy^S I jj iliLal Jus-" i nVI J^~ 1 1 4_u-ul_L«j Ja-t-i^u j-J^v Jl T^LL^o j < ^J-J'- c - 
. Jl^_uJI (JjO (jLiia 2 I l_3 2 Ij 1U 1 IV (j"U t-^\jZjj *j '.'^~\3 ** ' "J** 1 a iHilJU-uJ Bjj^JlII CjI^xLI a JlJcTh-uj Lc-Lu 





:jj^ 



f-LJl JjiJ 



jj jjjj I Ia3 1 ■' j ^j ai. J 



_^uUfj»_3>Lc. j^9(14 -5)Ji 



(i_a}LiJ1 J}L>. o^ihH -^W J^'-^ CL "i <- «J.*ljVl J^I-5 4iH-^' j^a-u-uj) 



:^W!AJLttJlu!i>«5 -6 -5 



{tub j .«LJLjj_<-u (Jjuus «-iLjj J^ (JjL-oJI 4jvjjJ 2^Lj *_a <JliL^vjJLl (j-u 4-aL.u.U ii-iLjj "-t^-?^ J -'j'j-^' (JL2Ibt 

.(116 -5)J=^2, 
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j .i_i,_ulj 2 1 (J}L». , U » , %. 1 1 ^3l_iai»ijl j 2jlj^>JI (JLSIul (J-aLs-a <j_a (J^ 3 '^"-dj Cr^ 1 < ~ ^J*-i.a.U -SJlC fi-SLjj (_r*-*^J 

j? <_i_ulj^l JiJljiIu y-La-i-u-U tiJJij JljvIj (_>JL>. '£- aJLiTla U <-2j-^- J*^~ ' "■ cr^ 1 't'-V^ <-3L^><-JI ^Jl^TJI -i^a 
*JiLa 4_ire_ilu jJt-Laaj jj^Jtil .IpwjJLl (j^l j-=»<-II JJlaUJI oL^a -^P 5 j'-'-*- 1 J .(JjLjJI ijljjv 4jvj .S j_l*j *-a I g ".I -i^— • 'I 
..S^_i_U (JjL-uJI Jlaj><j 4_as_jlu (_i,_ulj 2 1 ' a (JLcIoJ 4_JL2 j , U <- I . ^ 1 1 JJ CjjjJI f"_£>-J (jLg-iJjj <Laj}lJI Jlj^-uJI 
*_a cJs-ijji^xl! I oL^a JtJ^-ui J ( ^ Leanie La 3jljj>. (JllLvjjJ (jr »JJLI (JjljsJll Jijj_uJ i_3L><JI .SJlajJI -Sp-J-a aJlJcTli-uj^ 



sjsLc ^ykj Self-Contained 43 1 jl> ajUJI jslji ^ JjL-JI y^^ d^L^ii sj^j ^jjuj .lL£Ll^ji 

.4-JL)JjLA (>JlC.LJ2 (jyic 4_L£=J-a 




i_aL>. JlJi^j ^j_us (15 ~5) J^xui 
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S jjj£ •_- ~-iL_a u jJ»«a]a Oa£ 




<LLl£ JLw ijluui jj JjslS Oaf 

M 



Jj|jJ * i£i|jA4 f 




(') 



<_aL>. jjla] jj_lo (16 -5) j-^i mi 



tSj>oitui^i6 -6 -5 

oJj^jj jljJll JjL-J1 ^j-uij ki*o». ciiljjJll ^ faiJI ljuk (18 -5) <; ( 17 -5) JL=iuiVl j-^jj 

*_L3A-b 7g^a-mJ j-^*" C_xJj>Lj 3t I (jj_a^ t ^ r J >, 'j^ J .t—t-tjLjVI ?TjL>- ^dh|-^' *-jL« (JjL-^u Juvl^jj Lq-Lu i_<-u[j ^1 (Ji>-I-S 

4_ala^l a U , „l a t Jij>_uj| «_il_a ^_ r*i^~ '*»■"'' {4jj a .jLJcul *_a (J-sLi-uJI < 1 1> 1 uJ *_Lcs (Jj^lajij \-Q3eja a jLJcul 

(_jj=i /yic Ju^-uJl 1 '-^j 1 ug *-j\a3 (jLcjiaj jLLaVI (Jala ' *-«-3ta ajL3eHm-l B^Lca ^j a a he '< a JaJLLo al (JLc da-Lia 
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(Jill \_i^_4 O- 4 ? .(_Uj[J 2 I pgJo-l-U i (_)■!=> (J^U-lTlJ 7c_4_txU (_>UJ ALki-lJ <LJe-iIa^_l 2 JOAiJ,' di\ -S>-u' (_)iaJLJ j^>JJ 

(j-3J / 2 t j I U 1 1 Jl^_jH]| <Un „j 4 ',-y. i", jJu^aj Bjlj^sJI (JLSIul (J^sLs-a 3-iuj CjLiLijJI dili sjj^JlII CjI.5^aU 
iljl^_iil (_i.uLJI j-fr>H LJLp*'j .(jLjj-mll ^LJe-iiaja Jl <LvL>Jlj 4_jJL*JI (5_jjI JlLiVI) 4_jjLiuJVI ^ al^allJI L^j^tc 







JJ-s-i-a 4^J-a (17 ~ 5 ) (Ji 
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y rzi ^ 



t*Jja JjU 



- l ,*-iU> ^jLj*#i 







I bS all f La 



I P" "'^ ^ Aj-H ?^l *<■« 



>'j r 



JJ-a-i-a -ij-<-« ( 1 6 - J ) (Ji 
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:Jjl>JlulJj^jLu^l7 -5 

a! jjeTLml ajiLc j-L^Qjg .cJiiii=Liij jj-J,l j /,uai ,^ti Cy ic iifl-iMia S elf-Contained L43I jl> WilJa JjIj-<-u 



t(l -5)JLw 



ATj =20-5 = 15 



AT 2 =10-5 = 5 



LMTD = AT -- AT ^i^ = 9.10 



In 



AT^ 
AT. 



In 



15 



: J*JI 





L 


jjiJI ajLJI 


20 


(<C) 


10 










5 


Ajjij]l AjLa 







(m) Jj3all 
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t(2 -5)JLw 

aJlJcTh-uj 1U L^ ^Lj-ll T-SJ^ *J^->** ^JOAJ ^ ^ ^LjJLi (JjSo 2jIjj>- ''-^J-^ '-^hf* ^W*' 5 ^i)-£ ' ^ A 

(j il^jI «"l tj (_£jljHi,l ^jLjj-ijiJI (_i_upJ jjp_uJI *JiL<5j -^J>' *-5ULI 



t jail 



^j'j^ 1 uL^-"^ 



J 


L 


ftljA ^__^. 


^_____^^ 32 


5a jj 


15____- 






(-co 


10 


_____^ tLa 


-— ________ 4 

► 



(m) l>3-1\ 



JjUI J>U Sjlj^J! i^j- 5 ^jj3 



ATj = 34 - 4 = 28 



AT 2 =15-10 = 5 





AT, - AT 9 


28-5 


LMTD = 








AT, 


i 28 




In ' 


In 




AT 


5 



13.35 
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tjj "^— ll «"1 I ^jLj-ijlJI 



J 


L 








32 






(<C) 


10 




15 

______4 

► 



(m) Jj^l 



JjUI J>U ZjIjjkII i^j- 5 ^j_>5 



ATj =32-10 = 22 




A^ =15-4 = 11 




AT, - AT 9 
LMTD = l 2 

i„ AT ' 

AT 


22-11 

22 

In — 

11 



15.87 
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. jajliLa J Jl«j vic-uJ — i_2L». .SJt-cs >ie_us pc-iis aj ^ ^— ■ •"■ (C-<-ujl I _ 

.^.Ij-JI Sij-a <J1jIjJc_u5 jLlcwI ^_ j3p (jjJ-!' (_Lalj-*JI J-^jil 4 _ Z) 

.j_>JI (Jj^>JI Cj\j^c^jO (— )Lal JlJcTu-uI j.~jil J _ J 

S^j-l^JI jJtJ.1 <xu JsJir»o (pJI J-oI^aJI (_,_& La 6-5 

.(iiitaj-LU) (JjLoJI Jui>jj tiiljiejjo p-l^jf j^si! 7-5 
SiaL>JI ^JlaIII cjI^j-^s 4_ cjL^>-jII ijuLe La 8-5 

0.3 r BjIjjv *L>-j.S ^ LC - ^^dhP -^J-^' *_5LXI (_L^Jy , 40 r Jl^_l1!I ila^i uj iijIjjN. 4j>-jJlj jj^La L-kLa y~ D 
Ji-Ju (>JV 2_ 50 F Sjlj^v 4j>-J-S Jiic ^j->o J 40 F SjIjjv 4JVJ-S J^£- JiJ>JJ ' Ha Ji-Jy -SjL> *La 10~5 

2jlj^»JI <jiiLvjji Jij^ l_xjjijvI .60 r <Jjlj^>- ^o- 11 'J 1 -" 1 ^j-=*4i oO r Sjlj^v <Lvj-^ ^ £ - <><^ij-£> -^j-l' ^l^' 



127 




( iSjaJ )dJj£lluld**j(&J 



^^1 .^^1 \ ju^pil 







.*lj>Vl J^jLsl* til! Jl=,j JaaJI ^lijj ^LualaVL Jij>jUI Altai] 4_u.gjjJI ^Uj^tl ASijjua i ,»L*JI t^JLfcJ I 

aI taiJI I JUkj ^Ul ;,^WI Jlj^jIII a I taj 2_ d. iJ^»o Lc^a ^j^— j''l ^— j" d-m-Jj 4jjIjj>. iJaLLa ^sLJsLj tiJUij 
(j^i^jj .4_jjLj^^xJI 4J2LL3JI j-2j3 <UJl ^—- a| 4JG2 *-<j AjjIj^sJI iJaLLaJI L^j j-Sj^J (j^tJI (j^sLa^l u.-mLb 

a I Ia.il I I Jui (j-a I Jl>- 3j_i_l^3 AjJtjp-u <— ibt-t-u (jyic ^J j Laj>J I 

. i _ys\ • -"•"' " *' J Jlj^-lI!! ALku (J-«-C 4-JjJaj <L2j_*^s ▼ 
. (_^al i<aILalll ' JuivjUji ALlaj d)LJai=x^J (j^>\)Ju-ui\ ▼ 
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( iijJaJ ) JUjull ulJuw$(«taJ 







tjaLdMVUJLguU^UVloiJJll -6 



2 jajul Aj^cTu-uja j^l -^ i a 



j .,_£jj>*i BjIjjv <^J-i J-lc ( J-uaALl (j"OLjLJ2j iiluLa cjIjjv <^J-i Jt-Lc (j-u-iLselLa (JjJbta ,jJJ^~ '"'^ (j" t -^>'-^ (j-L^'- a 
, La <~ I - Ja II (Jl Jlu i ill ajj ZjjjJI tfjui ^_j .'LusLa e SI <\*-—* ^£js>~2\ 3_sLl I j JiJ/JJ cla-u <.j^^ (J-«-*J (j^^Ll' L^ U ^ JV ! 

^Lcj j 4 (Generator) ^jIj^ji jJ^jli ^ diij^j cj>iiu jUtJI .uu.^-.l jj>_uJI 2jjjJ Cr =ijjL=ijii 
j^Lus oMiii cjij^yi oi* J\ u^Lx^ jlsj .(Pump) 2,^,w^,* 2j XLJ ± LA3 (Absorber) c ^i\ 



Qc 



Condenser 



J 



._4- ^Unfl 



Evaporator 



jiLw 



Qe 



Wp 



Qg 



Generator 






JXij abt-ifl 



Absorber 



Qa 



(j^al i^"iaVL JLJ>pH fLiaJ ( 1 ~6) Ji 
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(^jL-ujj ;_£ jjlj ( ^"^— ■ 1 1 i La » < h jJt ^LaJI i LaJI LeaJI -j-> A I" -^- ^ /y< U » , X JlIc ^j^I i^'aVI t Jl^_uJI 2jj.S (JjWUJ 
i (_yaJLI *.Lcj i La » < h x-a ^jLmjj (_£Jl!Ij j^Jc_Jll i La » i a J-^2 (jia aae LI I i La » < '-^ 1 1 Lai <(_£jlj^>JI jJjJ.1 i La » i a x_a 
^_ (j9jL>iil (j^se-uj-uA .x_ii3>JLl i La » - '-^ 1 1 /Jl (jia aje LI I J-aJLtiajl (j_a (jaJL>Jj JaJt-Lgs ^-^5 Cr^ * Se '^* (J"**^J 

JuaJll j^ya JuLsul (j9JL>iil (»9-Sj i_y^X< s-Lc-J ^-3 \>* 6 - L *' (jr! -S^Jbglul Al Q '<*•> ^- tf ^-jj-tTu x_ilJLl JaJt-Lgs j^^ - * < ) 
(j^l p^Loa . vie-cll j^ya a^LSJI JljvxLiI x_sl_<a jL>>-) (_>*3l c^alLal ) .SJlajjI au.lj (J^L». i La » i ^- 1 1 j^>^ Juu ^jl >j>Ji 

.^yoX\ ^.LcjJ I Jljj '"' ' > ' I Lajj Ijuij < ^J'J v j^' ' ^"' A> ^ 4 -^-*- c - 
<je-Ja-»l! ^L<-iTuj (_£jlj^>JI jJji.1 ^_ BjIjjv iaLtJsl Jl T^Liso ^j^l < Vi aVu Jlj^_uJI i>JiJ-S (J-t-<-iu3 (jl 
I^-lJ-lo ■* 3e iea.ll (JJi-iIu j2 lj_Lajj ^^— i jjI ^-— ■ jl I Jijp_uJI ALku ^_ i U. A I .^11 <LvLLxj (_£Jl!I (JJi-iIaJI ,j-<s zJlj 
Jjp_uJI (_y-»-<-uJ I jjj AjjIjjn. A^LLa (JT ji (J-l<-iTuTlU 2 > j I U 1 1 i^LLaJI •»■ j - aajj -(J - *-^ 4-JLa I jj jJji.1 3jlj^>J A-j-uillL 

.(_£jlj^>JI Jijj_lL!Lj i _ys\ Laaj a 21 J 



I^^^L^J (_)^3l '^"' " *' J Ju^_uJI fiJjjJ ^.l^^l (J^jLs-O <_lLtxLV (j^=U«J 



COP 



Qe 



Q g + w p 



:^Q G »W P oi^-J 



COP 



Qe 



(kW) ( jlj^xlh J^v) j^IL> ^>>se-<.u.ti Sjij^J! Jj-»-a :Qe 
(kW) ^jij^Ji jJjJJ 4- ^LMi 2jlj^ii Jj^ c^ :Q G 
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(kW)<i~M1 Jiui:Wp 



: (jt j2L=j (_)^3l '^"' " *' J Jij^-uJI «JjJi-! ,J^~ ' 1 a f '-Si (J^*- L? '^^ c? *"' Cr^' ^2^L*JI ^-Li-LLi-ul Jj^-— ■ <a 'J 



COP = 






r _r 
r _r 

1 2 1 \ 



<^i J>n3>H o-: 



max 



_<W pbl J^bt-a Cy icl jjij aLIaii] ^jiaJjl *bVl JxiLslxi '.COP 

(K) (j-aii pLcj 4- «-ij)J-^-ll cjIj^kJI 43-J-i :72 
(K) i^jlj^JI jJjil 4-^>Lsr (intl «j|>>- ^O-* -^3 



'.jji l_L<i dajv^ljj 



r 3 > r 2 > ri 
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t(l -6)JLw 

f LM i\j ^jJiUi *bVi J*u* «. ,,m ^i .vijpii c^ -10 °C < 20 °C 



:J*ll 



:4_jjS?1 4_bL*11 (j-a (Jjialll «t1_aVl J^Ljuj ^Jtrclu 






r _r 

r _r 

J 2 J i 



r 3 = 100+273 = 373 K 
r 2 =20+273 =293 K 
^=-10+273=263 K 



COP = 



263 



373 



373-293 
293-263 



= 1.88 



n>Ti> r. 
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G^tPlijbfcw! 



. Lg-La ;jj^"~ '**"' (_p-^ ^'j^?* ' ^j.!^ T-^33 >J ' '""' .' ^dhf-^ *JJ-^ ( c -'- u J' ^ _ ^ 



si , ^»" aVI i ju^_uJ| 3jj.S (J-«-c Ajij-ku ?-j-l1i\ Z. _ 



.(JjWlJI ■* ^-— -j 'I =a_i a ti-^p- (j-a (j tol ' -"•"' * * ' ^ Jij^-uJIj ( _ y IalJt-Lea ' *l Jlj^_uJI ALku (j^ 1 (jj^ ^ _ 
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JaJij^sJiJ^U 



20,2 



2005 ASHRAE Haudbook— Fundamentals (SI) 







Q- 



LU - 



— 



% 

1 



BdiAi 'aynssatid 






j>»205 







20.4 



2005 ASHRAE Haudbook— Fuud a mentals (SI) 



,8 



d d 



C 



bod d 



™ 
~ 



d , 



..i_.l-..4- -1.—4 i , L 

--i — i — J — I — J — J-- — i 4- 

I i _ a 

■!-<-•> J— >- -4 S--S 

-i—i — i — ' r-S-S' 







H f- 



...i.j._.-j — .. — i — i j 



-i ;....;....; i 

r ....^ .j ,Q _,flq _.. H o$ ,n, .... ^ . 

,„ T „i„i.ii. v „., T ,. 







>- - 



LJ w 



t 



— 



" a 



EdiAj '3unss3ad 






j>»205 







20.16 



2005 ASHRAE Haudbook— Fundamentals (SI> 



,° 



d a 



o =■ 



^i ,.|fi ... (£1 * .. .(A 

-I, rOBtn n 



"|-qf"~ilj4 eV'S'' §> S — 



— o o 



1 ■T 1 C- 

■ i +s- ■■+ ■— I— 

— I ■ t l *- 



i-V-f-4-i M — H fct - *-■ 




rj-r'T-'i 

i i 1 I i j 



; : : 

. . i 
■ ■ ■ : ■ 



5 



-i 



"s 



- a id 
d d 



r- go 03 

q q 



ft 
c 



o 



BdiAi 'aunssatid 







j>»205 






20.34 



2005 ASHRAE Handbook — Fundamentals (SI) 




5" 5 

3 % 

t I 

5 | 

I- D 

z - 



i 
h 



Bd^i 'aanss^Hd 



ubelkttil 




j>»205 



4xuJI ubtlknaU 






A 


Absorber 


L yz>l\ f-Vcj 


Actual volume 


/— a-ui^j! ^^ej>jl 


Air cooled condensers 


J( ^ ' " ' A"^— i a 


Air cooled evaporators 


*I^-JI JLy-U Cjl^itJ-a 


Air quantity 


*!^jj! 4_»j5^= 


Antifreeze 


Jlx^eHII 2 SI •'-- a 3_sLa 


ASHRAE 


*tyt 


B 


Bottom dead point 


lA.„tl 2" ,tl 2U":tl 


Brine solution 


Cr 5 ^ J^=" 


By pass line 


(jrpk' J W L ^ 


C 


Centrifugal compressors 


Ajj^s^-a SjijLLi i La g 1 j ia 


Centrifugal force 


L$>^=>U JjJaJI SjS 


Compressor 


, u<- 1 ,x 


Compressor power 


JaX-LUaJ! SjJuS 


Compressor work 


i Ur 1 ,\*l JjLtli 


Condenser 






Constant 


C^JU 


Correction factor 


■»■.'»., ,-." J a 1 • a 


Crank shaft 


Sjl-iV! jj^c 


Cycle off 


' a-fljILtl S^ps 


Cylinder 


2 >ljU , ,,i 


D 


Direct drive 


S^jIjLlo Sj'-sJ 


Double trunk 


sj-^ t^ 



ubelkttil 
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Dry expansion evaporator 


liU _5Ju«j ^jjt-ba 


Dynamic compressors 


2 .^—. ial;i> .I-k-Ij,^ 


E 


Electric defrosting 


LjJUj^^a «-Lfl-LeaJI 4_!lj! 


Evaporative condensers 


^1} '"* '" ' »~^—^ * 


Evaporator 


J^^ 


Expansion valve 


JJ-4J 1L1L3 


F 


Face area 


d^>.jjl <L>-L-tua 


Flash intercooler 


I^jUUSJlA^ (^j 1^>J 1 u^ -$J-LA 


Flexible coupling 


4-!_^-a 4 " > <"i *" 


Flooded evaporator 


jj-4-i-a jit^a 


Fouling factor 


7-1 1 l{~ VI (J-oL«-0 


Four way valve 


(-.1 *>l -^"Vl rl,j j ..<z—,\t~ -J -i , ^ 


Frost 


t* ^ 


G 


Generator 


Lpb-^ ^^ 


Grooves 


i_ijjL>ij 


H 


Heater tape 


/*\-%_(-LUO 1 ^ J) LU 


Hermetic compressors 


Jj'»'l d^^— i-»-a ,L-,i-\jr> > 


Hot gas defrosting 


jj-^l , „tl jl itl , . ," ,^tl 2 tljl 


I 


Impeller 


4X.L3_S 


In-line 


Jl>-Ij ika. 


Indirect drive 


S^_<il_Lo^-iC 2j'-5| 


L 


Labyrinth 


<~il<-l*«.itl ^ > J<^-J 


Lobes 


^•jjLW 


Louvers 


CjL^>.j-o 


M 


Muffler 


Cja-ui3 p 11 ^~* 



ubelkttil 
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o 


Open compressors 


4 "»- e£t * a gag 1 a * ga 


Overfeed evaporators 


SJljIj 4jJl*j till j tll!^5e_i-a 


P 


Piston 


(jjiL^a 


Piston rings 


j.,1 ,^—^\\ ,-il "(~w. 


Polytropic index 


v i^-.tij} ,ui ; ,\'«vi '2 u ,jy~ ,tj ,ti j. ,Vi 


Positive displacement compressors 


4j>-lj2(l 4_L3-j^a i La g 1 j i ^> 


Power 


2jji 


Pump 


4 -»- ,>N « 


Pump down 


^ijcllll 7c_UaJI 


Purging 


O"*^" 


R 


Reciprocating compressors 


AjJJi^j i La g 1 j i ^> 


Refrigerant mass flow rate 


ij^ ~tl ,U ,.„jt . h^-,tl jjVr.tl J.i.« 


Refrigerating effect 


Ls^dhp^fc 


Refrigeration capacity 


AjjLy-U 4 ♦ i n 


Refrigeration ton 


J_y-U <>La 


Relief valve 


^^AIS^U^ 


Reverse cycle defrosting 


4 r •ifl' 1 — ■'•U " )9i ill I n iS<^»ll 4 tljl 




Rotary compressors 


4_ulj|j_i i La g 1 j i ^> 


S 


Screw compressors 


4_j_LjaJ Lia g 1 a i ga 


Scroll compressors 


4_uj|^JL>. i La g 1 j i ^> 


Self-contained 


43l Jli (<ijUa 


Semi hermetic compressors 


4 .1 \ * A d 1 ,*,< I \S\ f 1 A * ^\ 


Shell and tubes condenser 


' ' "' <|j ' « M <" ' *"' i -> ^ 


Single or double acting 


(J-JLlillll 4_oljjjl 4_>_iL=>-l 


Solenoid valve 


, ualai *♦ ^ sXj^l^ 


Stroke volume 


jlj i iiU r^-^*^- 


Suction and discharge (delivery) valves 


JS^_LaJlj <./"*• i " n CjLoLiia 



ubelkttil 
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^ 


T 


Teperature difference 


ob^' ^^-j- 3 (ij^ 


Top dead point 


LUJI JCUUUSMI 


V 


Vane type rotary compressors 


S-SJuLiU (__>IljjJ! till j i La c 1 j i a 1 1 


W 


Water cooled condensers 


^.1 t,l i J ^ i« i~il A~<^— > « 


Water defrosting 


j^IjJI ♦ UL.^.S.otliJIj! 


Work done 


Jjju-U JiAII 



JjJ 205 QaiasH 




1- Althouse, Turnquist & Bracciano, Modern Refrigeration and Air Conditioning, G-W 
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2- Arora S. C. & Domkundwar, ^4 Course in Refrigeration and Air Conditioning, 
Dhanpat Rai & Sons, Delhi, India. 

3- ASHRAE, Volumes of Systems and Equipment. 

4- Roy J. Dossat, Principles of Refrigeration, Prentice Hall 

5- Stoecker W. F. & Jones J. W. Refrigeration and Air Conditioning, Mc Graw-Hill 
International. 

i_3jL*-a flLtfoLa j_iIul_L!l _ ( _ y IauL>Ia )2I Jijp-uJI <JliljL*^a _ ±^ajxlA JlojvI (jLtia-oj . aI _ 1 

.1997 t ^jj ;^,„ Vl 

. IV oV < 4jjJ_d=_<-uVI i_3jL*jj aLiTu-La j_iIul_(JI _ Jlj^-uJI 4_a_kul _ Jij^^ta JujjvI £j I i ^- a j .A I _ .Z 

Jijj-uJI _ £j-<jl>. (Jjii" (J-^'- c - --^ _ (jr* 1 J"'' l£J.3^ J-*^cjO A I 4_aJvj3 _ <— !Jj3 .j .1 <_ijJG ~j 
.1988 i*jjjl!lj j_<iili! LiJjjJI jljJI -j-jalil J-lAjj^-^Lo j\ J) j-jillll - i L^i^alltj 

, ^ alt II j-iTu-LlI j^3j-a _ *-'^(JI L-i-jj^xjj Ju^_uJI 4_<_uJiiji _ (jjjj». |j Ju_i_aJI JiA^ta L) ^'^" .A I _ 4 

.1994 ,j^>aJ! ju^diiii u*U 

1(jy jj_*JI jJ=ul!l jl.S _ Jlj^-uJI 4_<_uJii ( J 4_j_<_uL-u 2 I dsljmJLI _ J-liuJ I JiA^ta ^^"•>« .A? _ J 

.1993 ,ijj>[2i\ 
.Carrier ^jL^= -6 
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uu^ai 



J^ljJU JJnitl Ly laL«jLaJVI JLyjjJI i*2ajl : <jSjV| 2 JL»._j]l 



2 

6 

8 

8 

13 

18 

18 

20 

26 

29 

30 

31 

32 



CjIjjbjJU SjJjlLq <LiLal « -^**V< JkJ>pJ1 3 i lajf 1 _ 



2jlj^>Jl ^-J- 3 (J-"-^- 1 - Jl -" 1 S JjLftH<3 Cj I jJ^-la 1 ~ 1 



Ji^l^ i la C I ■ ^- x^o 2jlj^Jl <^-J-l j uM * JlJ£. SjJjlLq Cj)j»jcj^3 1 - 1 - 1 ~ 



sJJjlLq i La ■?* ] j < ^- *^a 2jlj^JI <^-J-l j'l 11 ' -X_t£. 2 JJjlLq CjIj^cj^o 



2 -1 -1 



4 oX^scja 2j1jj>- CjL>.jJ JlJ£. 2 JJjlLq CjIj^cj^o .Z - 1 



) i La c I us x^o 4 dllsEja 2jlj^» <-liL>-jj JlJ£. 2jJl*ILq <2j1j»je^<3 



1 -2 -1 - 



*j-q Jac l^gjLa x^q ^uiQjtA Sjlj^* diL>-jJ Julc I JJjlLq Cjljjic_ui .Z - .Z - 1 



, U f 1 j , '^ 1 1 BjjulLu 4_jLa La-Jaj jf I J^j-fi ' 1 4-qiaj I — ~ 



Ja.ljJ.1 L-",' ^^-l^-" 11 illjl 1 _ 2 



jJ^ljJO £ru (Jaj-apl Jlj^-uJi -Z ~ 2* ~ 



( _ 3 J_t_JI Jlj^jjJI^ ^ Lia-bapl Jlj^-uJI J ~.Z 



1 jaSj (^li (jUtllal 



giSniM iSljl ti>l» : Ajjlall ejia-jjl 



ojSi'd^ A ^ i ~~ -~ c_jl l i ul — * ui i a 1 1 1 ~ 2 



4-jJ_;lri"tl » jS.^tl illjj .'.IjU^. 2 ~2 
LuL,j^= ^jiuaJ! illjl 1 -2 -2 

33 
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34 
35 
36 
37 

38 
39 
40 

41 

41 

43 

43 

44 

45 

46 

47 

48 

48 

51 
52 

52 

54 



(>».LoJl jUiLfciiuaJiaiji 2 -2 -2 



^UUUL.j^Jliilj! 3 -2 -2 



l^ j^. U SjjjJL. g^uall iiljl 4 -2 -2 



* ui ' ga 1 1 4jlj| (JjJ-La ^j^-> <UjLa-a J ~ 2* 



. p>,*\\ -jj£-,-< j „ i^ll 2 jAj^-. 4 -2 



.Z (4J3j ^jjl j (jUtllal 

,UA lj ,"-tl [ j j ; , ^~ 1 -j 

AjJJpJI i La c I j i a 1 1 2 ~3 

J^li-H ^ i *--* ~» rt i La c 1 j i a 1 ~— ~J 

4 aj * a * J i •"> i l-« c 1 o ' a ^ — ^ — J 

4 > j" a a i Lag \jj^3 J ~ 2* ~ J 

^1:1^1^,^14 -2 -3 

cLA^i 5 -2 -3 

.Sj-LaJI^ L-utc-iuJI iIjLoUj^ 6 ~2 - 3 

ijjjpjl Ja£ \j JaJI j.ljl 7 ~2 ~3 

JpJI i Lag lj lall 4_l«j*^>JI a»l fl^aJI 1 ~7 ~2 - 3 

(Ja.ljJ.1 jjulLo .ui;,^'.vi 8 -2 -3 



'bj' 



jJI Jai.1^1 3 "3 



Sjo-I^JI 4-ijj_!l <2jli 4_uljjjJI i La c I j i a 1 1 1 ~3 ~3 



\ \.~,t i L) !ajj ti ,-.i*\ ,ua ij ,^ii 2 -3 -3 



ub^Ixtl 



j>»205 







56 
59 
61 
64 
65 
66 
68 
69 
70 

70 
72 
72 

74 

74 

76 

76 

76 
78 

79 
79 
80 



■u^- 



;ujym j^i^i 3 -3 -3 

4_u^L >t " ■t->^ijiUti 4 -3 

2 jj ^-j 1 1 SjjLLJI .UAij.uti 5 -3 

, U f 1 ,',-.11 Cajj^j O -3 

C^J^JI (Jill fljLQ Ij Q 1 "O ~J 

J^iLiaJI -u>-u 7 -3 

c UV^t UljT 1 -4 

d ^U ^i 2 -4 



^L, z-ijJil tuLa^gi 1 -2 -4 



i La c I ual 1 x^o BjlcL^ (jlc 3 i^=j rt ?.lj*JL> Sj^j-o Cil flj^a o 1 - 1 - .Z - 4 



ila.g. I ' <a 1 1 (j-o Juu J^c 4 i""*"" 1 ^; rt ^.I^JLj 3 J^j-o ■"" a_i^= a .Z - 1 - .Z "4 



,I^JI^>^3 -1 -2 -4 



^VLsjjJ.1 ^1^^=11 jLui-i 4 -1 -2 -4 



«UL, sjjJll ^Ui£=ai 2 -2 -4 



-LjVI J^U* 1 -2 -2 -4 



pUL>2jjJll^L£f^J,l£!_pf 2 -2 -2 -4 



<U^_U 



; -.f j-Ux ;, j; -,i i ^,^-,„ 1 -2 -2 -2 -4 



i m„. , «\t a i ^-,^_ „ 2 -2 -2 -2 -4 



80 

81 

81 

83 

85 

80 

87 

87 

88 

88 

89 

89 

90 

91 

92 

93 

94 

95 

95 
95 
96 



ub^Ixtl 
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UiJUl^ 



UU^Mi:, ;r,^ a 3 -2 -2 -2 -4 



sm^ iiS^g i ,Lui.l 3 -2 -2 -4 



^ihps" 



CiLa^gi 3 -2 -4 



al^aj 1 (j_u_u2_<j 3 ~.Z - L ~4 



4 jaSj ^jjl i (jUtHol 



Cjlj.V.lU : < Lm j o L>Jl Bj^^ll 



jlj-3C_U*U jLJ^JjJl XjLl ^Jj-ij (3j-i3 1 ~-5 



L^Lx 



>- JJ-4_l jj^_ui 



JJAi-o J-="^° 



1 -1 -5 



2 -1 -5 



£ Jul ) <bjju t »l J t } 



'j- 31 ^ 



3 -1 -5 



<4j> 



?. I j-J I J^J>^u Cj ij.Tr.Ld .Z ~ J 



Lc uojuI Clilj Cjljjcua 1 - .Z - J 



Lp-^J ■*■ '^ ' ■■ 1 4-i_ufe (^yic <-ll I ^JCJ^Q .Z - .Z - J 



-fljLcjj Sj-^ata <-lilj»3ej^3 J ~L - J 



^'_J*Ji -^>p Cj'j-3ti>a jLui**l J ~J 



j^»ji J^^icljic^ 4 -5 



(JJj^ajjJI t J_^J>Jl Cjlj»iej^i J ~ J 



(JjL_uJl JU^)»U <-lllj»3ej^3 6 ~J 



(j-gjj-d! 3 J -^J-J -0 



1 -6 -5 



;!>>JI j>w2 -6 -5 



i—iiLo^ l^^Lc. j>j^ 3 -6 -5 



ub$Ix*l 
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97 
97 
99 

101 

104 

105 

106 
107 

109 

110 

114 
117 



u^uLJl^ i_b>Lc. j^j-o 4 -6 -5 



i^L>JI jjl^iII <2jbj^o 5 -6 -5 



2 J>a jj.i ^i-sjJii 6 -6 -5 



(JjIjjjJI iljljj^o jLui-l / _ J 



JraSj (^li (jUtHol 



q&\ tALaVlj ju^xUI : <LuoLwJI ejo*^I! 



(^al i qj ail ' Jlj^xlU <jj_uL(_u2l oj^Jjl 1 - 



^al i •~"' ait l t Jlj^-uJI Sj^jJ ^ *-■-* i a 1 'u ^ "j j 1 1 (J_UJfcIlJ1 -Z - 



D jalj ^jjl i (jUtHol 



JaSlj^iJI JjstLa 



<LuA]| CjLjH l-l rr^H 



Cr-UI 



